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HEALTH DEFENSE...today 


Wallace & Tiernan representatives are on the job to help you increase the safety 
of water supplies against possible air raids, sabotage and other emergency condi- 
tions. Their suggestions are based on information obtained from “blitzed” areas in 
England, as well as from American military and civilian defense authorities. They 
can advise on procedures already being followed at critical coastal points. 

A safety check-up of your present chlorinating facilities and operating methods 
may reveal simple changes that make for greater safety. 

Where new equipment is needed for essential jobs such as secondary chlorina- 
tion of open distribution reservoirs, emergency sterilization of broken mains, 
and the like, you will find W&T ready to be of service with complete data, equip- 


BUDGET DEFENSE. a 


As you equip yourself to assure higher standards of safety for the war emergency, 
remember that an investment in W&T chlorinating equipment has sound peace- 
time value as well. Today’s acute public consciousness of the need for safe water 
can be acted upon with full confidence that you’re making a constructive move 
for the future. 

Protection against floods, fires and other natural emergencies will always be 
necessary. Moreover, problems of taste and odor control, and other water treat- 
ment steps required for improved palatability, can usually be met by the same 
highly flexible equipment now so necessary to safeguard health. as 

Your W&T Representative will work with 
you in extending your chlorination facilities in 
a way that’s soundly planned for long term 
satisfaction and low operating expense. Call 
him today, or write direct for Technical Bulle- 
tins giving facts and figures. SA-131-S 


“The Only Safe Water is a Sterilized Water” 


WALLACE & TIERNAN CO., Inc. 


MANUFACTURERS OF CHLORINE AND AMMONIA CONTROL APPARATUS 
NEWARK, NEW JERSEY + REPRESENTED IN PRINCIPAL ia a? 
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Relationship of Missouri River Navigation Improve- 
ments to Valley Properties 


HE Missouri River, from Sioux City to its mouth—the distance 

covered by the navigation project now in progress—lies in a great 
rock trough between adjacent hills, varying from two to seventeen miles 
apart. This trough, which many years ago filled with sand, gravel and 
boulders, today is covered with a loamy deposit of fertile bottom soil. 
Figure 1 shows how, throughout the years, the river shifted its alignment 
so that it occupied, at some time, every point between the limiting lines 
of hills. This constant change of channel has been due largely to the easily 
erodible banks together with the high-velocity current. Many former 
river towns have been left high and dry by this action, including: Roche- 
port, Arrowrock, Lisbon, Brunswick, DeWitt, Camden, Wellington, 
Parkville, Weston, Doniphan and Amazonia. As late as 1930 a consid- 
erable sum was spent in preventing the river from isolating the two bridges 
and town at Glasgow. The channel as shown in Fig. 1 represents condi- 
tions at St. Joseph but ten years ago. 
Water may flow in a wide shallow stream, or the same quantity may be 
handled in a more confined stream with a greater depth. The excessive 
width of the unregulated Missouri River, with its constantly moving sand- 
bars, jutting from shore, and constantly shifting islands, dividing the 
stream into uncertain channels, is obvious from Fig. 2. This map shows 
the river twenty miles below Sioux City, Iowa. The stream is shown 
as of 10 years ago. Navigation on a stream of this character is impracti- 


A paper presented on October 21, 1941, at the Missouri Valley Section Meet- 
ing, Cedar Rapids, Iowa, by F. 8. Besson, Colonel, Corps of Engrs., Div. Engr. 
Missouri River Div., Kansas City, Mo. 
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eable during low-water periods, even with craft of shallow draft. The 
actual banks of the stream are as much as 18,000 ft. apart, whereas, at 
this location, it is the aim of the project to confine it between banks only 


700 ft. apart. 

Navigation Objective 

Thus arises the question of navigation objective. The objective of any 
transportation system, of course, is low unit cost, which for a freight sys- 
tem, is expressed in mills per ton-mile. In order of cost, from highest to 
lowest, the available traffic systems are: airplane, truck, rail, pipeline and 
waterway. That there is a field for each system of transportation must, 
of course, be realized. Some commodities are adaptable to transportation 
exclusively by one system, while others are more flexible. For those 
commodities which can be transported by waterway, however, that system 


is the most economical. 

Obviously it is impossible to keep waterway transportation costs low 
unless a river is stabilized. In view of this, the plan calls for a low-water 
stream width, confined between banks, gradually increasing from 700 ft. 
at Sioux City to 1,100 ft. at its mouth. Within this full stream width it is, 
at present, planned to provide a 200-foot navigable channel, a 6-foot 
minimum depth on the crossings, with, of course, a greater depth in the 
pools. Provided that there is a sufficient depth and an efficient alignment, 
flood flows will be carried without appreciably increasing critical flood 
stages. A further project, already approved by the Chief of Engineers 
and pending before Congress, calls for a 300-foot channel with a 9-foot 
depth on the crossings. Such a waterway will provide much more economi- 
eal transportation than the one now nearing completion. 

Figure 3 demonstrates the method employed in stabilizing the river. A 
comparison of this diagram with Fig. 2 will indicate the extent to which 
the stream is confined. The permeable pile dikes lower the velocity of 
the current so that the stream drops part of its soil load between dikes. 
After each high water there is an increment to the making land, until, 
after a few high-water periods, the new land is level with the top of the 
structures, eventually reaching the elevation of the agricultural land behind 
the river banks. 

By combinations of systems of S-curves, the channel alignment is directed 
from deep water along one concave bank to deep water along another, with 
a satisfactory depth on the crossings. To prevent erosion and maintain 
the alignment, the concave banks must be protected with rock or pile 
revetments, underlaid with lumber or willow mattresses, or other types of 
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It has already been indicated how, years ago, the wild river wandered 
over the entire valley. Were all of the valley available today to the engj- 
neers drawing the stream alignment, a perfect plan could be drawn up, 
Industrial, commercial and agricultural progress, however, has developed 
values that cannot be ignored. Bridges, railroads, highways, city water 
intakes and highly developed farms must, if at all practicable, be left right 
where they are. These fixed points, together with the necessity of getting 
from the river, as it now exists, a satisfactory job at minimum cost, result 
in many compromises with the theory of design. Sometimes the fixed 
points are so located that no satisfactory compromise is possible. In 
those instances where the interests of navigation conflict with other inter- 
ests to the extent that navigation would be seriously affected if full con- 
sideration were given to the fixed points, priority, as required by law, is 
given to the navigation interests. In those exceptional instances, private 
interests and public utilities must suffer consequential damages. 

> 
Supplemental Benefits 

The incidental benefits received by riparian owners of land are of two 
types—one applying to land adjacent to the river and the other to land 
reclaimed within the banks of the wild stream. Where the river has 
not been stabilized, loan agencies will not grant loans on land lying within 
33 miles of the banks of the stream. That such loans are made after the 
river is stabilized is indicative of the great increase in land values that takes 
place as a result of the project. In this respect, a study of land values 
has indicated that for the more than 1,000,000 acres affected, increases 
will approximate $50,000,000. 

A comparison of Figs 4A and 4B will show how, by confining the river 
between relatively narrow banks, land is reclaimed and converted into 
productive farms. Eventually, more than 200,000 acres, with a value of 
more than $10,000,000, will be reclaimed in this way, extending from Sioux 
City to the river mouth. On the photograph (Fig. 4B) are indicated dikes 
which today are covered with fertile soil. 

Prior to the stabilization work, private interests and public utilities 
spent many millions of dollars to protect their properties and developments 
from the ever-shifting river. With stabilization, water intakes may be 
installed in a permanent location with the reasonable assurance of a reliable 
supply of water. Bridges will be secure without continuous heavy main- 
tenance expenditures. Commercial, industrial and municipal develop- 
ments will be permanently protected. 

A study of past destruction and damages shows that they are equivalent 
to an expenditure of more than $1,000,000 annually for maintenance, or of 
a capitalized cost of more than $25,000,000. Since a stabilized river does 
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away with these damages, the project may be credited with the saving in 
capital cost. 

Figures 5A and 5B give an example of a water intake in the area affected. 
Before installation of the intake, the main flow lay along a chute to the 
north or left of Bonhomme Island, giving a concave bank and deep water 
at the site of the proposed intake. By 1924, the main flow had wandered 
to the south or right of Bonhomme Island, making the reach too long 
and too straight, so that the deep water then shifted to the north, away 
from the intake. A considerable expenditure has been charged directly 
to the efforts made to force the flow back to the intake. The dikes shown 
in Fig. 5A represent part of that expenditure—but an incorrect solution 
as it provided a reach or tangent. Because of fixed points, no S-curve 
could be designed to throw the flow back through the chute. The only 
practicable solution was to break the tangent and make a gentle S-curve, 
as shown in Fig. 5B. 

A river cannot be forced into unnatural tangents by the construction of 
dikes along an isolated stretch. It must be stabilized by the construction 
of continuous natural S-curves. An incidental benefit to be obtained by 
dike construction is that the dikes become covered with fertile soil and thus 
available for farming. Not only is it impossible to maintain a long tangent, 
but the difficulties of attempting to throw the main flow against the convex 
bank are many. 

In Fig. 6 is shown the St. Charles water intake—on the convex side of a 
bend. On an incorrect theory of development the engineers have, during 
the past ten years, endeavored to satisfy local wishes by dredging and 
constructing dikes to force the flow along this convex bank. At no time, 
however, could satisfactory results at the intake be assured. The tangent 
involved was too long, and with the bridges as two fixed points no S-curve 
that would result in a concave bank and deep water at the intake could be 
designed. The only solution was to make the concave bank at some dis- 
tance from the original intake, cutting through the old dikes and placing a 
new intake in the bend. S-curve alignment must be maintained, and deep 
water can be expected only in the concave bends. 

To recapitulate the benefits of a stabilized river, estimates show that, 
with a 9-foot depth, approximately 12,000,000 tons of freight representing 
about three or four billion ton-miles, should move on the Missouri River. 
The savings to the public through low-cost transportation based on this 

estimate would be about $20,000,000 annually. With the 6-foot depth, 
the savings would be about half that amount. 

Use of the Missouri River for traffic has been very limited to date, be- 
cause the 6-foot project is just now approaching completion. During the 
calendar year 1940, about 52,000,000 ton-miles of traffic moved on the 
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river. It is estimated that 80,000,000 ton-miles moved during the calendar 
year 1941. Supplemental benefits will amount to $49,815,000 for agricul- 
tural land, $10,608,000 for reclaimed land, and $25,425,000 for utility 
benefits, a total of $85,848,000, or about half the cost of the 9-foot project. 


Legal Considerations 


The Constitution grants to Congress the power to regulate interstate 
commerce. While the Federal Government acquires from the Constitution 
no property rights in the shores and beds of water courses, nor in the water 
flowing therein, it does hold an easement for the benefit of commerce and 
navigation. This easement is dominant and controlling, and the rights 
of the states, or of riparian proprietors, are subordinate. 

In dealing with an early question of damage, because of river-control 
structures, to a riparian owner, the Supreme Court said that the damage 
was not the result of the taking of any part of the property, whether upland 
or submerged, or a direct invasion thereof, but the incidental consequence 
of the lawful and proper exercise of a governmental power. In short, the 
damage was merely incidental to the exercise of a servitude to which the 
property had always been subject. 

The substance of the veto message of the President in a recent case in 


which a public utility was damaged clarifies the situation. Necessary 
navigation improvements, it was said, are prosecuted in accordance with a 
long-settled principle that it is the duty of the Government to preserve 
and protect the navigability of our navigable waters, and that the cost of 
altering non-Federal structures that obstruct navigation shall be borne 
by the person, association, corporation or other body responsible for the 
structure, and not by the Federal Government. 

To summarize, the Corps of Engineers has been ordered by Congress to 
make the Missouri River navigable for efficient transportation. While 
the work is done according to law, it is evident that in some instances it 
has conflicted with utility and private interests. On the whole, however, 
the benefits to those interests offset to a tremendous degree the damages 
suffered. 


Discussion by William T. Bailey.* Colonel Besson has presented 
an excellent picture of the relationship of valley properties to the naviga- 
tion control work along the Missouri River. He has shown that, in order 
to make the river navigable for efficient transportation, it has been neces- 
sary to stabilize it and to develop a satisfactory channel with a reasonable 
depth and an efficient alignment. He has demonstrated, too, that to 
accomplish a satisfactory job at a minimum cost, and, at the same time to 


*Chemist, City Water Dept., Council Bluffs, lowa. 


188 


protect, wherever practicable, industrial, commercial and agricultural 
interests, it has been necessary to make many compromises with the theory 
of design. 

Perhaps the most important point to water works men, however, js 
the fact that, in some cases, fixed points were so located that no satisfactory 
compromise could be made. In such cases, as Colonel Besson pointed out, 
it is required by law that navigation be given priority rights over states, 
municipalities or private interests, despite the fact that those interests 
may be concerned with irrigation, power development or municipal water 
supply. Where the rights of riparian users are held to be subordinate to 
navigation and damage is done, it is held that, unless there is a direet 
invasion of property, the damage is the incidental consequence of the lawful 
and proper exercise of a governmental power and that affected parties are 
therefore not entitled to recover. : 

Under this interpretation of the law, then, water works may be subjected 
to large expenditures due to factors over which they have no control. 
If, for instance, the realignment of the channel diverts a river from an 
intake structure in such a manner that the structure is made useless, the 
owner is not entitled to damages, but must bear the full cost of relocation. 
Similarly, if the deepening of a channel, in the interest of navigation, 
creates such a condition that in extreme low water the pumps of an intake 
station would be so far above the water level that they would no longer 
lift water, or that the intake itself would be left completely above water, 
the ensuing damage is held to be consequential and the owner must bear 
the entire cost of relocation. Furthermore, parties so affected have been 
told that no notification is required in cases where navigation control 
work will inflict such consequential damage, but that it is the duty of 
riparian users, who may be subject to damage, to make inquiry as to what 
changes are being contemplated. 


eee Status of Riparian Owners 


‘a ‘olonel Besson has pointed out that there are incidental benefits to 
valley properties in reclaimed land, prevention of erosion, the protection 
of bridges and other structures against a shifting stream, and in permitting 
water works intakes to be installed in permanent locations with the rea- 
sonable assurance of a reliable supply of water. There is, however, no 
assurance that an intake which must be moved, because of the diversion 
or deepening of a channel, will not have to be moved a second time if the 
navigation control solution used in that case proves unsuccessful. It is 
possible, therefore, under existing laws, for a riparian owner to suffer 
consequential damage repeatedly, each time being forced to rebuild at 
his own expense. There is also no assurance that there will be an ade- 
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quate flow of water at an intake in any given case, except the fact that the 


channel has been deepened and the bank stabilized. 

Although this situation is created entirely within the law, it would seem 
only just that the readjustment costs, occasioned by such consequential dam- 
age to municipal and private interests as has been described, be considered 
part of the cost of the navigation control project and borne by the Federal 
Government. In other words, the decision to move an existing plant or 
to maintain a stream at its present location should be based on which 
method is actually the least expensive, with no thought to the question 


of saving Federal funds at the expense of riparian owners. ase “ 
ae 


New River Decision te 


In the decision of the Supreme Court, rendered December 16, 1940 
in the case of the United States of America v. Appalachian Power Company, 
it was held that a stream was navigable if, by the expenditure of a reason- 
able sum, it could be made navigable.* In a dissenting opinion, concurred 
in by Mr. Justice McReynolds, Mr. Justice Roberts said: 

“If this test be adopted, then every creek in every state of the Union 
which has enough water, when conserved by dams and locks or channelled 
by wing dams and sluices, to float a boat drawing two feet of water, may be 
pronounced navigable because, by the expenditure of some enormous sum, 
such a project would be possible of execution.” 

This being the case, practically every stream in the United States can be 
made subject to the navigation control laws of the Federal Government 
by a bill authorizing the development of navigation on them. Thus, when 
Congress passes a bill authorizing the development of navigation on any 
stream, all riparian users, whether states, municipalities or private in- 
dividuals, may find their interests subordinated to the interests of naviga- 
tion. They may then suffer consequential damages regardless of the length 
of time they have been established and without regard to whether the flow 
of the stream is being used for irrigation, power development, municipal 


water supply, or any other purpose. 


*61 S.Ct. 291, 85 L.Ed. 201. Reproduced in full in the February 1941 JouRNAL 


(p. 315). 
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Ground Water in Southeastern Florida 


By William P. Cross and S. Kenneth Love 


HE rapid development of southeastern Florida has brought about im- 
portant problems concerning the use and control of the water resources 
of the region. Perhaps the most important water problem is that of public 
supply. In an effort to obtain the basic data necessary to the comprehen- 
sive study of the water problems of the area, the U.S. Geological Survey 
began, in the fall of 1939, a water resources survey in co-operation with 
Dade County and the cities of Miami, Miami Beach, and Coral Gables, 
The ground water investigation, which is part of the survey being conducted 
by the Ground Water, Surface Water, and Quality of Water Divisions of 
the Geological Survey, has been concentrated largely in Dade County. 

The purpose of the ground water investigation is to make available 
detailed information on the source of underground waters, their movement 
through permeable strata, their quality, quantity, losses, sustained yield, 
and the magnitude and velocity of salt water intrusion. 

Information concerning the water resources and the water-bearing for- 
mations in southeastern Florida is contained in several reports. Matson 
and Sanford (1), in 1913, prepared a most comprehensive report on the 
ground water of the entire state, but it contains little detailed information 
on southeastern Florida. In 1928, Collins and Howard (2) reported on the 
quality of ground water. <A year later, the most comprehensive descrip- 
tion of the geology of the state was published in a report by Cooke and 
Mossom (3). In two reports dated 1933 and 1936, Stringfield (4, 5) de- 
scribed briefly the water-bearing formations and ground water in the are: 
adjacent to Lake Okeechobee and artesian water in southern Florida. 
And, in March 1941, the U.S. Geological Survey staff prepared a progress 
report (6) on the present water resources investigation. 

It is estimated that there are more than 10,000 wells in Dade County, 
ranging in depth from a few to 120 ft. or more. The ease with which 


A paper presented on November 13, 1941, at the Florida Section Meeting, Daytona 
Beach, Fla., by William P. Cross, Assoc. Engr., and S. Kenneth Love, Assoc. Chemist, 
Geological Survey, U.S. Dept. of the Interior, Washington, D.C. Published by per- 
mission of the Director, Geological Survey, Dept. of the Interior. — 
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shallow wells of large capacity may be drilled has resulted in the use of 
ground water for practically all domestic, public and industrial water 
supplies. Ground water is also used for irrigation in some parts of the area, 
and wells are used for storm water drainage and the disposal of laundry and 
other wastes. There are more than 350 “‘fire’’ wells in Dade County drilled 
to supply water for fire protection in areas inadequately served with water 
mains. 
Climate 


Southeastern Florida has a semi-tropical climate. U.S. Weather Bureau 
records show the average temperature at Miami during 42 years of record to 
be about 76°F., with a maximum of 96°F. and a minimum of 27°F. The 
mean annual precipitation at Miami, for 33 years of record, is 58.8 in. 
The Everglades area is somewhat warmer in summer and cooler in winter, 
and available records indicate slightly less rainfall than at Miami; but the 
Miami weather records are generally representative of southeastern Flor- 
ida. Climatie conditions are such that evaporation and transpiration 
losses are large throughout the year. 


The greater part of the interior of southern Florida is included in the 
great sawgrass swamp of the Everglades that forms a nearly level plain 
sloping from an altitude of about 18 ft. above sea-level near Lake Okeecho- 
bee to sea-level in the mangrove covered keys in Florida Bay. Lake 
Okeechobee, the second largest fresh water lake in the United States, is a 
very shallow body of water lying within the north margin of the Ever- 
glades. East of the Everglades is the coastal area of slightly higher 
ground. In Dade County this is a low limestone ridge which follows the 
coast line and gradually decreases from a height of not more than 30 ft. 
at Miami to sea-level at Florida Bay. 

Lake Okeechobee drains an area of about 5,500 sq.mi. of prairie and 
sandy pine land to the north, principally through the Kissimmee River and 
Fisheating Creek. Prior to artificial drainage operations, Lake Okeecho- 
bee often overflowed into the Everglades to the south, and much of the 
area was flooded at all times, but now part of the excess surface waters are 
drawn off through the canals and normal water levels have been lowered, 
especially near the canals themselves. The Caloosahatchee River and 
St. Lucie Canal are the principal outlets of Lake Okeechobee, but the Palm 
Beach, Hillsboro, and North New River Canals also extend from the lake 
to the ocean and carry some of the outflow. These canals, together with 
the South New River, Miami, Tamiami, and many other shorter canals 


Topography and Drainage 
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and natural water courses, drain the coastal area and, to some extent, the 
Everglades (see Fig. 1). 
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Fic. 1. Location of Principal Canals and 7 Test Wells in Southeastern Florida 


During periods of prolonged rainfall the flow in the upper reaches of 
some of the canals reverses in direction and a portion of the flood water in 
the Everglades drains into Lake Okeechobee. Many canals in Dade 
County are not controlled by dams or any other means, but are open water- 
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e | ways connected directly or indirectly with Biscayne Bay. The excessive 
drainage brought about by these uncontrolled canals has been a major 
factor not only in the subsidence and burning of large areas of muck in the 
Everglades, but also in the salt water contamination of the surface and 
ground waters near the coast. 


The surficial formations in southeastern Florida are odlitic limestone 
and unconsolidated sand, muck and marl. Directly underlying these are 
beds of sandy limestone, calcareous sandstone and sand which are exceed- 
ingly permeable and yield very large supplies of water to wells. In the 
coastal area these productive water-bearing formations generally extend 
to depths of about 120 ft. and in limited areas long Biscayne Bay, to about 
300 ft. They thin out and are less productive under the Everglades to the 
west. Below these rocks, to a depth of about 500 ft., lie beds of clayey 
marl, limestone and other relatively impermeable materials which yield 
little or no water but act as confining beds for the artesian water in the 
underlying Tampa, Ocala and associated limestones. In northern and 
central Florida, the Tampa and Ocala limestones yield large quantities of 
water of satisfactory quality, but in southeastern Florida these formations 


OC 


are less productive and their water is too highly mineralized for most uses. 
_ Because of the unsatisfactory quality of the deep artesian water, the 
investigation has been concerned for the most part only with the shallow 
formations. Practically all of the many wells in the area are in the highly 
permeable rocks immediately below the surficial formations. Figure 2 
is a generalized geologic cross-section from Lake Okeechobee to Miami 
prepared by G. G. Parker of the U.S.G.S. from information obtained from 
the test wells indicated in Fig. 1. The stratigraphy shown is tentative 


and subject to revision. 

The large number of existing wells simplified the water level observation 
program, so that only in the more remote parts of the area was it necessary 
to install observation wells. Levels were run to several hundred selected 
wells, and readings of the water levels in about 200 wells have been made 
on a weekly or bi-weekly schedule since the beginning of the investigation. 
Water levels were also observed in the canals, rock pits, and quarries. 
of Twenty-four key wells were equipped with water stage recorders which 
in give a graphic record of the fluctuations of the water levels. From these 
de records, hydrographs have been prepared and studied in conjunction with 
r- weather records, and water table contour maps have been prepared for 
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critic: al periods. Figures 3 and 6 include water table maps of areas in the 

- vicinity of Miami. Contours crossing the canals are not shown, as the 

canals are tidal and sufficient data are not available to determine the mean 
water levels. In the maps in Fig. 6 the Miami Canal is effluent, the mean 
water level being approximately 6 in. above the water table nearby, 
Contours closing along the canal bank as well as contours crossing the 


-eanal are omitted. 
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Fic. 2. Generalized Geologic Cross-Section—Lake Okeechobee to Miami 


To determine the location and extent of the permeable water-bearing 
formations and the quality and quantity of ground water in the formations, 
as well as to extend the detailed knowledge of the geology of the area, 
about 20 test wells were drilled, under the close supervision of geologists. 
Samples of the water encountered and of the drill cuttings were taken care- 
fully, the water samples analyzed and the rock samples studied. These 
wells were drilled to depths sufficient to penetrate the top of the relatively 
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impermeable formations. Through the co-operation of several public 
agencies, well drillers and individuals, rock and water samples have been 
obtained from many other wells. This has made possible detailed studies 
of the geologic formations, of the hydrologic characteristics of these rocks, 
and of the quality of the water found in the water-bearing formations. 

The surface and ground waters of the area are closely interrelated and 
the work of the Surface Water Division of the U.S.G.S. was co-ordinated 
with that of the Ground Water Division. Studies were made of the rate of 
inflow into the canals in conjunction with water table contour maps of the 
tributary areas, and from these records the permeabilities of the water- 
bearing materials were computed. Determinations of permeabilities 
were also made by means of pumping tests on wells, by studies of the pump- 
age from, and water levels in, the Miami water supply well field, and by 
laboratory studies of unconsolidated materials taken during the drilling of 
test wells. 


Shallow Ground Water 


The maps of the water table show that the ground w _ r = es in eae 


in an easterly or southeasterly direction, from the Everglades toward the 


sea, With a very low gradient. The network of canals has a pronounced 
effect, however, on the direction of movement, and the relatively high 
gradients toward the canals in most places indicate that a large part of the 
ground water reaches the sea by way of the canals. At some places the 
ground water moves from the relatively high coastal area toward the Ever- 
glades, and in some places it flows away from the canals rather than toward 
them. Water table contour maps of the Miami area for water levels during 
a low, medium and high water period are shown in Fig. 3. 

Although some of the ground water in the coastal area is received as a 
result of the slow eastward or southeastward percolation, a very large 
proportion is derived from the rain that falls directly on this area. The 
available data indicate that about 40 to 50 per cent of the rainfall on the 
coastal area reaches the water table. The discharge of ground water takes 
place chiefly through the canals and by evaporation and transpiration. 
Although a large quantity of water is pumped from wells, this quantity 
constitutes only a small part of the total ground water discharge. 

The studies of the permeability of the principal water-bearing beds show 
them to be among the most productive that have been investigated by the 
U.S.G.S. All information obtained points to the conclusion that very 
large quantities of ground water are available for use in the coastal area. 
Because of the uncontrolled canals, however, large areas along the coast 
are subject to contamination by salt water intrusion. 
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Ze. Quality of Water 

The large number of wells of various depths scattered over the area 
facilitated the investigation of the quality of ground water. Over 5,000 
samples of well water have been collected and analyzed in the U.S.G:S. 
jaboratory established in the Dade County Court House. Determinations 
of the chloride content and the specific conductance were made on all 
samples. The principal constituents were determined on samples collected 


from selected wells and complete analyses were made of a few samples. 


This work was supplemented by analyses made in the Water Resources 
Laboratory in Washington. Use was also made of published and unpub- 
lished analyses furnished by officials of the cities of Miami and Miami 
Reach. 

The composition of uncontaminated ground water is fairly uniform in the 
coastal area in and near Miami. The concentration of total dissolved 
solids ranges from about 250 to 300 ppm. and the total hardness, expressed 
as calcium carbonate, ranges from about 225 to 275 ppm. Dissolved 
mineral matter consists largely of calcium and bicarbonate. Objectionable 
amounts of iron are found in some wells but the concentration appears to 
bear little or no relation to location or depth. Practically all of the shallow 
ground water is colored by organic matter. Color is usually between 40 
and 80 on the standard color seale, but in some wells is less than 5 and in 
others more than 100. 

The composition of a typical ground water is represented graphically in 
Fig. 4 by an analysis of water from well S-7, and the composition of a 
typical ground water contaminated with salt water is represented by an 
analysis of water from well 8-4. Both of these wells are located in the 
Hialeah-Miami Springs well field, from which the Miami publie supply is 
obtained. The analysis of the treated water from this well field represents 
a mixture of water from several of the wells, including some that were 
contaminated with salt water at the time the sample was collected. Anal- 
yses of both raw and treated water from the Coconut Grove plant represent 
ground water contaminated with salt water. Because of this contamina- 
tion, operation of the Coconut Grove Plant was discontinued during the 
summer of 1941 and the area formerly served by this plant is now supplied 
with water from the Hialeah plant. 

The analyses of surface water, which are included in Fig. 4 for compari- 
son with analvses of ground water, indicate that water in the Kissimmee 
River is very soft and low in dissolved mineral matter and that water in 
Lake Okeechobee, although more concentrated than in the river, is softer 
and contains less dissolved matter than ground water in the Miami area. 
The composition of uncontaminated surface water in canals in and near 
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Miami i is, in gener al, similar to that of ground water except that the sulfate 
content is appreciably less. The average hardness and the total concen. 
tration of dissolved solids in surface water is usually a little lower than that 
of ground water, but the color, which varies considerably, is usually mueh 
higher than the color of ground water. 

The chemical character of shallow ground water in uncontaminated 
wells near the coast in Broward and Palm Beach Counties is, in general, 
similar to, but a little less concentrated than, shallow ground water in the 
metropolitan area of Miami. Chloride concentrations in Palm Beach 
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Fic. 4. Analyses of Surface and Ground Waters in Southeastern Florida 


County are, on the average, a little higher than in the coastal areas of 
Dade County. Analyses of samples collected from public supply wells in 
Riviera, Lake Worth, Pompano and Deerfield Beach show that these waters 
are somewhat less concentrated and less hard than water in public supply 
wells in Miami. 

Analyses of ground water in the Lake Okeechobee area made in 1933 
have been supplemented by analyses made during the present investigation 
and show that both shallow and deep ground waters from wells near the 
lake contain large amounts of dissolved mineral matter. Hardness ranges 
from about 250 to over 900 ppm., sulfate from about 200 to 600 ppm., and 
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chloride from less than 100 to over 2,000 ppm. The high concentration of 
dissolved mineral matter in the ground water has been largely responsible 
for the utilization of water from Lake Okeechobee for nearly all of the 
public supplies of the towns near the lake. 7 Sak ee 

Salt Water Intrusion 

In a belt as much as two miles wide along the coast of Biscayne Bay in 
the Miami area, and several miles farther inland along the Miami Canal, 
the ground water above the confining beds contains more chloride than the 
normal ground water in the region. High chloride concentrations in wells 
near the bay, which diminish inland, except along the canals, and absence 
of chloride in excess of about 25 ppm. for several miles farther inland in the 
vicinity of Miami, show that salt water from the ocean is the source of 
contamination. Intrusion of salt water appears to have taken place both 
by direct penetration of the water bearing formation by sea water along the 
shore of Biscayne Bay and the navigable channel of the Miami River and 
eanal, and by downward percolation of salt water from the canals at times 
when low ground water levels and low flow in the canals permitted move- 
ment of sea water several miles inland. 

An indication of the extent to which ground water in the Miami are: 
has been contaminated by salt water may be obtained by the comparison 
of past and present records of chemical analyses. Isochlor maps have been 
prepared showing chloride concentrations at different depths, based on the 
results of chloride determinations. Key wells are sampled periodically and 
the chloride concentrations in the Miami water supply well field have been 
studied in considerable detail. The results from the periodic sampling of 
key wells during the investigation have shown no appreciable changes in 
chloride concentrations except in a few isolated locations. Comparison 
of the results of the general sampling of the entire area in 1940, with results 
from a fairly general sampling of part of the Miami area in 1928-29, indi- 
cates that the chloride content of water at a depth of about 100 ft. in 1940 
was about the same as in 1928-29, except where the tidal canals have 
brought sea water some distance inland, contaminating narrow zones on 
both sides of the canals. Samples were not taken from wells less than 75 
ft. deep in 1928-29, so no comparison can be made for the shallow wells. 
It seems probable, however, that these wells would show even smaller 
differences than the deeper wells. This comparison, together with the 
results from a few wells in 1924 and the insignificant changes in chloride 
concentrations in the past two years, strongly suggests that no great 
changes in concentration have taken place for many years, except where 
canals or other drainage operations have upset the salt water-fresh water 
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Analyses of Well Water Samples in the Miami Area 
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balance. Despite the low ground water levels, the zone of salt water 
contamination is not extensive along the coast and does not appear to be 
increasing 1n area or concentration. Isochlor maps of the Miami area are 
shown in Fig. 5. 

Contamination of the ground water formations through the uncontrolled 
canals may occur in two ways. At times of high tide and low ground 
water levels, large volumes of sea water may flow up the channels of the 
canals, contaminating large areas at considerable distances from the ocean 
by lateral and downward percolation into the water-bearing formations. 
Such a condition occurred in the Miami Canal in the spring of 1939, and 
eaused several of the Miami water supply wells to become brackish. In 
Fig. 6 are isochlor maps of the Miami water supply well field showing 
developments following this intrusion, together with water table contour 
maps for the same period. 

The other type of contamination is identical with the wedge-shaped in- 
trusion at depths extending inland from the shore line of the ocean, as the 
deep canals are essentially arms of the sea. Low canal levels disturb the 
salt water-fresh water equilibrium in the water-bearing beds under the 
canal, so that the heavier sea water moves laterally beneath the fresh 
water, extending the contamination farther inland. The first type of 
intrusion can be prevented by the installation of dams in the canals, with- 
out materially raising water levels. Prevention of the second type requires 
more adequate control of water levels and the operation of dams or control 
works for longer periods. 

The intrusion which caused the public supply wells near the banks of the 
Miami Canal in Hialeah to become brackish almost immediately after the 
canal became salty, as shown in Fig. 6, was clearly of the first type. The 
results of analyses of water samples from test wells near the eight public 
supply wells in the Miami Springs golf course (near the bottom of the map) 
show that the slower moving contamination in this area also was of the first 
type, because the chlorides did not increase in concentration with depth, 
as would be the case in the second type. It would appear that the salt 
water entered the small lake east of the well field at high tide, became 
trapped, and moved slowly down gradient toward the center of the cone of 
depression caused by heavy pumping in the well field. 

Salt water intrusion of the second type has resulted in contamination of 
the deeper formations along the Miami Canal. A zone of salt water, in 
which chloride concentrations as high as 4,000 ppm. have been found at 
depths of from 70 to 90 ft., now centers around the head of the navigable 
channel in the Miami Canal near N.W. 36th Street, about two miles down- 
stream from the Miami water supply well field. This deeper intrusion 
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apparently has been progressing inland along the Miami Canal during dry 
periods since deepening of the canal in 1931-32, and presumably will 
continue to move inland unless water levels in the canal are controlled 
during dry periods. Unless remedial measures are taken in the near future 
it seems probable that salt water contamination resulting from the deeper 
type of intrusion, as well as that which takes place through the action of the 
tides in the canal, will in time encroach upon the present well field to such 
an extent that partial or complete abandonment may become necessary. 

Consideration has been given to the possibility of utilizing surface water 
in the Miami Canal to supplement the present public supply for the metro- 
politan area of Miami. This plan is also dependent in part upon adequate 
control of water levels in the canal and in part upon the development of a 
larger flow during dry periods. 

Analyses of water samples collected from test wells in the vicinity of the 
North New River Canal and the incomplete portion of the Miami Canal 
from the South New River Canal to Lake Okeechobee indicate that an area 
of highly mineralized ground water may extend over a large part of the 
central and northern Everglades. Inasmuch as ground water along the 
coastal ridge in Dade, Broward, and Palm Beach Counties is in general 
similar in composition to the uncontaminated shallow ground water in and 
near Miami, it is probable that the high mineral content of ground water 
in the Everglades is not the result of salt water intrusion from the ocean 
in recent geologic times. It has been suggested that the mineralization 
in this area may largely be the result of invasions by the sea into old Lake 
Okeechobee in Pleistocene times. The highly mineralized ground waters 


of the sea. 


Ground Water as a Future Source of Supply 


Analysis of the detailed records collected during the intensive investiga- 
tion of the ground water resources in southeastern Florida leads to the 
conclusion that large quantities of ground water are available for the 
development of public water supplies along the coastal area, particularly 
in the metropolitan area of Miami. The critical problem in connection 
with future development is largely one of salt water intrusion. The chem- 
ical character of the shallow ground water is suitable for public supply but 
it is endangered by contamination with salt water from tidal canals. By 
controlling the water levels in the canals to prevent not only the intrusion 
of salt water from the canals themselves, but also the contamination by 
percolation of salt water through the water bearing formations in the vicin- 
ity of the canals, it is believed that supplies of uncontaminated ground 
water adequate for the future needs of the metropolitan area of Miami can 
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wile Chemical Character of the Larger Public Water 
By William L. Lamar nin 
rida, Q OBTAIN information necessary for planned industrial progress 
Z. Georgia, a study of the chemical character of the larger public water 

supplies of the state was undertaken by the U.S. Geological Survey in 
Irces co-operation with the Georgia Division of Mines, Mining, and Geology 
* the and the Georgia Department of Public Health. This investigation in- 
cluded 66 of the larger public water supplies serving a total population of 
1,098,819, or 35 per cent of the population of the state. The surface sup- 
plies serve 759,784 consumers and the ground supplies, 339,035. Detailed 
results are presented in U.S. Geological Survey Water Supply Paper No. 


Vater 


912, which is now in process of publication. 

The investigation was made possible through the co-operation of Capt. 
Garland Peyton, Director, Georgia Div. of Mines, Mining, and Geology 
and W. H. Weir, Assoc. Director of Public Health Eng., Georgia Dept. 
of Public Health. The work was under the direction of W. D. Collins, 
Chemist in Charge, Quality of Water Div., U.S. Geological Survey. 

All cities in Georgia having a population of 2,500 or more at the time of 
the 1930 census were included in the study. ‘The population figures used, 
however, are those of the 1940 census. The 66 public water supplies 
considered were visited by the writer and the information was obtained 
directly from the water works officials, samples being collected and sent 
to the water resources laboratory of the geological survey, at Washington, 
for analysis. When treatment, other than chlorination and aeration, was 
applied to the water, samples were collected and analyses made of the raw 
and finished water. 

The State of Georgia has two major physiographic regions—the Appa- 
lachian Highlands which lie to the north and the Coastal Plain, to the 
south of an irregular line passing through the cities of Augusta, Macon, 
and Columbus. 


A contribution by William L. Lamar, Assoc. Chemist, Geological Survey, U.S. 
Dept. of the Interior, Washington, D.C. Published by permission of the Director, 
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- Piedmont, the Blue Ridge, the Valley and Ridge, and the Cumberland 
Plateau. The elevations range from about 400 ft. above sea-level near the 
- fall-line to more than 4,000 ft. in the mountains. In general, this region js 
underlain with igneous and metamorphic rocks. In the northwestern part 
_ of the state the formations consist largely of limestone, dolomite, sandstone. 

shale, and quartzite. Numerous springs and wells which furnish smal] 
pete of water are to be found in the region. Also, a relatively small 
number of wells penetrating sandstone and limestone formations vield large 


quantities of water; and a few springs vield considerable quantities of 
water. On the whole, however, the wells and springs do not vield sufficient 
water to supply the larger cities. The public supplies of this region which 
are covered by the survey include five places which obtain from about 20 
to 100 per cent of their supply from springs, and six which obtain from 
about 12 to 100 per cent of their supply from wells. The wells used by 
these places generally yield less than 100 gpm. Including the cities at the 
fall-line, 32 of the 33 surface supplies considered are in the Appalachian 
Highlands. The surface supply at Cartersville is supplemented with some 
spring water and that at La Grange with some well water. 
The Coastal Plain includes about three-fifths of the total area of the 
state. On the whole, this region comprises hilly and broken sections 
in the northern part and rolling land merging into flat, sandy country 
toward the coast. This province is underlain with sedimentary rocks 
containing water-bearing strata in sand, gravel, and limestone. It is a 
productive area of artesian water and large quantities have been developed 
for public and industrial supplies. Of the public supplies listed, 26 are in 
the Coastal Plain, and of this number, 25 obtain their supply from artesian 
wells. Americus supplements its well supply with water from springs. 


Chemical Character of Georgia Waters 


The general character of the water furnished by the larger public water 
supplies in Georgia is indicated by the data obtained from a study of 157 
complete mineral analyses. The mineral content of a few of the surface 
waters may occasionally exceed the ranges in concentration given, and 
changes in ground water supplies may alter to some extent the chemical 
composition of these supplies, but the data given may be considered to 
represent reasonably well the composition of the larger public water supplies 


in Georgia. 


The mineral content of the surface waters will vary from time to time due 
to the v ariations 1 in the constituents naturally present and to the variations 


Surface Water 


Che Appalachian Highlands in Georgia include four provinces: the 
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> th in the treatment of the water. In all but a few of the surface supplies, 
rland | however, the mineral content is below 100 ppm. at all times. 7 
ur the Silica (SiOz) ranged from about 5 to 30 ppm., with an average of about 


i0n is 12ppm. The raw waters contained very little iron and most of the small 
| part amount originally present was removed by treatment. Coagulation and 
tone, filtration leave the water in such a condition that it can and does dissolve 
smal] | jron from pipes unless some final treatment is applied to prevent corrosion. 


small With the exception of several supplies in the northwestern part of the state, 
large | the calcium content of the raw water was below 10 ppm., and generally 
PS of below 5 ppm. Magnesium content was lower than calcium. Lime, when 
cient used to aid coagulation and particularly when used in the final adjustment 
hich of pH, increases the calcium content of the finished waters. Sodium and 


it 20 potassium together were below 10 ppm. for the raw waters. Soda ash 
(sodium carbonate) used in treatment at a few places increases the sodium 


rom 
| by content of the finished water. 
the Bicarbonate is the principal acid radicle of the surface waters. The use 
nian of alum (aluminum sulfate) as a coagulant reduces the bicarbonate and 
ome increases the sulfate, but frequently the bicarbonate is brought back or 
even increased by the final adjustment of the pH. Sulfate content for 
the the raw waters was below 10 ppm., and generally below 5 ppm.; for the 
ions finished waters it ranged from 5.2 to 34 ppm. Chloride was quite low, 
try usually below 5 ppm. The analyses do not show more than 0.2 ppm. 
cks fluoride, and nitrate was usually below 1 ppm. A few analyses show a 
Sa nitrate content between 1 and 2 ppm. and occasionally, in some of the 


ed waters, it exceeded 2 ppm. 


A single analysis is usually representative of the composition of the water 
from an artesian well throughout the year. The composition of the 
mixed water from several artesian wells will depend on the mineral content 


ter of the individual wells and on the extent to which each well is used. The 

57 mineral content of the ground supplies covers a wide range, the extremes 

ce being 19 and 1,030 ppm. For the majority of the ground supplies, however, 

nd the mineral content is between 100 and 200 ppm. 

al Silica ranged from about 5 to 60 ppm. With few exceptions, the artesian 

to well supplies in the Coastal Plain are free from objectionable quantities of 7 
es iron. Some of the wells in the Appalachian Highlands are more likely 


to contain enough iron to cause trouble. The hard artesian well waters 
are generally not corrosive, but the hydrogen sulfide present in a number 
of the artesian waters in the southern part of the state causes some corro- 
le sion. The analyses show a minimum calcium of 1.1 ppm. for one well and 
Is for a group of springs, both of which are in the Coastal Plain. For the 


| 


TABLE 1 
Hardness of 66 of the Large Public Water Supplies in Georgia* 


SURFACE SUPPLIES GROUND SUPPLIES is 

| as | 25 

Athens 20,650 | 15 32 Albany 19,055 | 81 81 
Atlanta 17" 342,300 | 11 | 22 Americus 9,281 95 95 
Augusta 65,919 16 | 18 Bainbridge 6,352 | 121 12] 
Barnesville away 3,535 | 9.8| 26 Brunswick 15,035 | 205 | 205 
Buford | 4191/15 | 42 | Cairo 4,653 | 621 621 
Canton 8,000 | 12 23 Cartersvillet 6,141 | 117 4] 
Carrollton 6,214 | 13 34 Cedartown 9,025 | 132 132 
Cartersvillet 6,141 | 15 41 College Park 8,213 | 44 55 
Columbus 56,000 12 23 Cordele 7,929 | 123 | 123 
Commerce 3,294 8.3 9.8 Cuthbert 3,447 | 138 138 
Covington 4,800 9.4) I1 Dawson 3,681 | 118 | 118 
Dalton 10,448 131 60 Douglas 5.175 | 198 198 
Decatur 17,100 16 30 Dublin 7,814 | 178 45 
East Thomaston 3,590 | 12 12 Eastman 3,311 | 136 136 
Elberton 6, 600 9.6 32 East Point 12,403 | 110 120 
Gainesville 11,200 6.9 16 Fitzgerald 7,388 94 04 
Griffin 13,222 | 20 32 Fort Valley 1,953} 5.2) 12 
La Grange§ 21,983 | 20 32 Hapevillet 5,059 58 58 
Macon 67,900 16 28 Lafayette 3,700 | 8&6 86 
Manchester 3,462 2.6 | 24 La Grange§ 21,983 | 93 93 
Milledgeville: Lindale 3,361 | 146 146 
Municipal 8,700 | 33 14 Marietta 8,667 60 60 
State Hospital 8,000 18 26 Millen 2,820 | 113 113 
Monroe 4,168 8.9 17 Moultrie 10,147 | 113 113 
Newnan 7,182 9.2 21 Pelham 2,579 | 166 166 
Porterdale 3,116 | 13 15 Quitman 4,450 | 141 141 
Rockmart 3,764 66 63 Sandersville 3,566 49 49 
Rome 26,282 | 39 50 Savannah 100,000 106 106 
Rossville 3,538 | 64 72 Statesboro 5,028 | 106 — 106 
Silvertown 3,930 12 12 Thomasville 12,683 | 202 60 
Thomaston 6,396 12 11 Tifton 5,228 | 144 144 
Toceoa 5,494 8 16 Trion 3,800 | 103 103 
Washington 3,537 | 31 33 Valdosta 15,595 | 98 98 
Waynesboro 3,793 | 16 32 Vidalia 4,109 | 102 102 
Winder 4,100 6.2) 37 Waycross 16,763 148 148 


* Total population served, 1,098,819. 

t The finished water is a mixture of about 80 per cent river water and 20 per cent 
spring water. 

t A small amount of finished surface water is purchased from Atlanta. 
§ A small proportion of the consumers receive well water or a mixture of well and 
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river water. 
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water delivered to consumers, the calcium ranged from about 4 to 132 ppm. 
Again magnesium content was lower than calcium. A few of the well wa- 
ters containing considerable calcium had only small amounts of magnesium. 
The sum of the sodium and potassium was less than 20 ppm. in all but a 
few of the supplies. The maximum sodium found in the most highly 
mineralized water was 69 ppm. and the maximum potassium 5.6 ppm. 

Bicarbonate is the principal acid radicle of the ground waters considered, 
except for a few well supplies that contained appreciable quantities of 
sulfate; the sulfate, however, was generally below 20 ppm. In the southern 
and southeastern parts of the Coastal Plain the sulfate was higher, reaching 
a maximum of 522 ppm. at Cairo. Some of the well waters in the Appala- 
chian Highlands contained appreciable sulfate. At East Point the sulfate 
content of well No. 5 was 239 ppm. The chloride content of the waters 
was generally below 5 ppm. In only one supply, that of Cairo, did the 
chloride content. exceed 20 ppm. (75 ppm.). None of the underground 
waters analyzed during this investigation contained more than 0.5 ppm. 
of fluoride. Only three of the artesian well waters in the Coastal Plain 
had more than 2 ppm. of nitrate. Some of the well waters in the Appa- 
lachian Highlands had higher nitrate contents, with a maximum of 28 
ppm. for well No. 18 at Marietta. The nitrate content of the spring waters 
ranged from 2.2 to 10 ppm. 

Carbonate hardness caused by calcium and magnesium bicarbonates 
represents much of the mineral content of the waters. In the coagulation 
of the surface waters the sulfate is increased at the expense of the bicar- 
bonate, but generally the bicarbonate is brought back or even increased 
by the addition of lime or, occasionally, soda ash. If lime is used, the 
hardness of the water is increased. Some of the underground waters 
contain very little besides silica, calctum, magnesium, and bicarbonate. 
A number of the artesian well waters in the southern and southeastern 
parts of the Coastal Plain have some non-carbonate hardness due to the 
presence of calcium sulfate so that the hardness of these waters is increased 
accordingly. The surface streams, with little exception, furnish soft water; 
the hardest surface supplies considered are in the northwestern part of the 
state. The ground supplies cover a wide range in hardness, but most of 
them may be considered moderately hard to hard. 

The hardness of the surface waters ranged from about 3 to 131 ppm. 
for the raw water and from about 10 to 72 ppm. for the finished water. 
The extremes in hardness of the underground supplies in the Coastal Plain 
were 5.2 ppm. for raw water and 12 ppm. for finished water at Fort Valley 
and 621 ppm. at Cairo. The waters from the individual wells in the 
Appalachian Highlands ranged in hardness from about 30 to 260 ppm. 
The hardness of nearly all the surface supplies was below 60 ppm., while 
the hardness of most of the ground supplies was between 60 and 200 ppm. 
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Hardness of Public Supplies 
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Table 1 gives the population served and the hardness of the 66 publie 


water supplies considered in this investigation. Where a city also sup- 
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Fic. 1. Hardness of Publie Water Supplies in Georgia 


plies other communities, the total population served is given. The hard- 


ness results were determined from the analytical data available. 
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system was supplied by more than one source, the average hardness was 
calculated from the percentage of supply from each source and the hardness 
of each. There will be some variation from the hardness figures given, 
but, in general, the results are representative. For most of the places 
using well waters, changes in the percentage of supply obtained from dif- 
ferent wells will not alter greatly the hardness of the water furnished con- 
sumers. There were, however, several exceptions, e.g., at East Point 
the extremes in hardness of the raw waters from three wells were 49 and 260 
ppm.; at Sandersville 90 per cent of the supply was obtained from a well 
having a hardness of 34 ppm. and 10 per cent from 2 wells having a hardness 
of about 180 ppm. 

Averages of the hardness results for the finished water as given in Table 
| are 29 ppm. for the surface supplies, 123 ppm. for the ground supplies, 
and 77 ppm. for all supplies. It should be understood that the average 
figure for all supplies may be appreciably affected by the proportional num- 
ber of ground and surface systems. The weighted average hardness of 
the finished water, in which the hardness of the water at each place is 
weighted in proportion to the population served, is 25 ppm. for the surface 
supplies, 115 ppm. for the ground supplies, and 53 ppm. for all supplies. 
The cities for which data are given in Table 1 are shown on Fig. 1 with 
symbols corresponding to four groups of hardness for the water delivered 
to consumers. 

The first group includes cities having hardness in the range of 1 to 60 
ppm. Water of this degree of hardness is considered soft. The second 
group includes cities having hardness in the range of 61 to 120 ppm. The 
waters of this group may be considered to have a moderate degree of hard- 
ness. The third group includes cities having hardness of 121 to 200 ppm. 
Waters in the upper range of this group may be considered hard. Muni- 
cipal softening particularly for those supplies in the upper part of the range 
will be beneficial as well as economically profitable. The fourth group, 
hardness 201 ppm. and above, includes only two of the 66 public supplies, 
namely, Brunswick (hardness, 205 ppm.) and Cairo (hardness, 621 ppm.). 
Waters of this group may be considered hard to very hard. Softening 
should be considered for the public supplies which fall in this range of 
hardness. Occasionally water may be so hard that the cost of softening 
is more than the community will bear regardless of the advantages and 
savings effected from the use of soft water. 

Table 2 gives the number of consumers using water of different degrees 
of hardness from the 66 supplies investigated. The table shows that by far 
the larger number of people are furnished water with hardness in the first 
group, i.e., hardness of 1 to 60 ppm. All the finished surface waters fall 
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within this group except those for Rockmart (hardness, 63 ppm.) and Ross. 
At times the raw water hardness at Dalton 
considerably exceeds this limit, but during those times it is generally 


ville (hardness, 72 ppm.). 


Number of Persons Using Water of Different Degrees of Hardness 


TABLE 2 


softened to about 60 ppm. 


POPULATION 
RANGE OF HARDNESS IN PPM. 
ag Surface Ground Total 
500, 580 0 500, 580 
752,482 52,082 804 , 564 
7,302 0 7,302 
0 57 ,657 57 ,657 
7,302 199, 645 206 , 947 
0 29 , 802 29 , 802 
0 2,579 2,579 
121-200. 0 67 ,620 67 ,620 
201-250....... 0 15,035 15,035 
0 0 0 
0 0 0 
0 4,653 4,653 
201-650........... 0 19,688 19, 688 
759,784 339,035 1,098,819 


Likewise is it shown that more than half the 
people using ground water from the larger public supplies are served with 
water of hardness between 61 and 120 ppm. 
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Some Physical Effects of Bombing 
By Herman G. Baity phd 


INCE most wartime hazards to public water supply and sewerage 
‘S systems probably come from high explosives, it is quite appropriate 
that some of the well-established facts regarding bombs and similar imple- 
ments of destruction and their effects upon public utility targets be 
reviewed. This paper presents no new knowledge, but is a restatement of 
certain data long ago developed by ordnance experts, proved in the theaters 
of war during the last two world-wide cataclysms, and currently appearing 
in many popular and technical journals. 


Anatomy of Bombs 


Constituent Parts: Bombs which are designed to be discharged from 
airplanes consist of the following essential parts: (1) a thin steel shell of 
streamlined shape to reduce air resistance; (2) thin metal vanes on the tail 
of the projectile to guide its flight through the air; (3) a heavy pointed 
nose of hardened steel for penetration of target objectives or the piercing 
of armor; (4) a fuse that is ignited on impact, and which may be of the 
instantaneous or time-train delayed action type; (5) a detonator charge 
which is ignited by the fuse and which, in turn, explodes the main bursting 
charge (or rips open the shell container in the case of gas bombs); and (6) 
the main burster charge of T.N.T. or other relatively stable high explosive 
material. As compared with projectiles shot from cannon the shell walls 
of bombs are much thinner, since they do not have to resist the stress 
caused by the propulsion and rifling of a gun. Consequently, their charge 
of high explosive is proportionately much greater, often amounting to 40 
to 60 per cent of the total weight of a demolition bomb and as much as 90 
per cent of the weight of an aerial mine. 

Types and Sizes of Bombs: Bombs may be classified into the following 


types as to their construction, size and purpose (see Fig. 1): 


A paper presented in outline on January 28, 1942, at the Symposium on Protection 
of Public Water Supplies in Wartime, Chapel Hill, N.C., by Herman G. Baity, Prof. 
of San. Eng., School of Public Health, Univ. of North Carolina, Chapel Hill. 
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* Demolition bombe, having a weight range from 100 to 4,000 Ib. (usually 
550 Ib.), a relatively thin casing and heavy explosive charge, a fuse timed 
for either instantaneous or delayed burst, the purpose of which is primarily 
the destruction, by concussion, of civilian and military structures and 
utilities. 

Armor piercing bombs, with a weight range of 200 to 4,000 Ib. (usually 
1,100 Ib.), a heavy shell-wall and a sharp massive nose of specially hardened 
steel, a proportionately smaller charge of explosive, and a delayed action 
fuse, the use of which is against warships, forts and other armored targets, 

3. Fragmentation bombs, having sizes ranging from 17 to 2,000 Ib. (usually 
about 30 Ib.), a heavy serrated shell of steel or cast iron designed to sepa- 


ARMOR ODEMO- FRAGMEN- AERIAL INCENDIARY 
PIERCING LITION TATION MINE LIGHT scaTTer 


ib 
TYPE OF AY; 
BOMB 
USUAL WEIGHT- LB. 1100 | 550 30 2 30 30 
RANGE OF WEIGHT 200-4000]100-4000 |17- 2000 2-60 | 17-500 |30-600 
SECTIONAL PRESSURE | 9.7 31 20 03 15 
PERCENT OF EXPLOSIVE] 10-15 | 40-60 15 90 - 
TERMINAL VELOGITY-FPS| 1400 | 1100 725 : 350 = = 
PENETRATION EXCELLENT) GOOD | POOR | POOR | POOR | FAIR POOR 
BLAST REDUCED | HEAVY | LIGHT |EXT.HEAVY| NONE | NONE | NONE | 
BUILDINGS WHOLESALE 
BRIDGES DEMOLITION|TO CAUSE FIRES 
ano OF WEAK |FOR DIRECT DAMAGE 
EO AGAINS speciaL | MILITARY TO ILLUMINATE] 
CONCEN- OVER WIDE] THE TARGET 
TARGETS 
TRATION AREA 


Fig. 1. Types and Characteristics of Bombs (From The Military Engineer) 


rate into many uniform fragments, a proportionately smaller charge of 
explosive than is used in demolition bombs, and an instantaneous type of 
fuse, which is intended primarily for the destruction of human life and 
transport facilities. 

Aerial mines, with weights ranging from 1,000 to 5,000 Ib. (usually 
1,000 Ib.), a thin spherical steel casing equipped with multiple contact 
fuses, a very high weight proportion of explosive, ordinarily launched with 
an attached parachute with the objective of demolishing weak structures 
or destroying personnel over an extended area by the force of its tremendous 
explosive power. 

5. Light incendiary bombs, having weights vary ying from 2 to 60 Ib. 
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(usually 2 lb.), a thin magnesium shell filled with thermite or other high 
temperature agent not easily extinguished, either an instantaneous or 
delayed-action fuse, and an igniter charge, which is intended to burn where 
it falls without explosive action and quietly start fires for the destruction 
of property or the illumination of other targets. 

6. Scatter incendiary bombs, having a weight range of 17 to 500 Ib. 
(usually about 30 Ib.), a thin, easily ruptured shell filled with thermite or 
similar material, usually a delayed-action fuse, and a small igniter and 
exploder charge which is designed to scatter the burning agent over a 
considerable area and provide multiple sources for the conflagration of 
materials within enclosed spaces. 

7. Gas bombs, having a weight range of 30 to 600 lb. (usually 30 Ib.), 
a thin shell, housing a lead gas-containing envelope, a relatively heavy 
charge of liquid or highly compressed gas, a contact fuse, and a small 
exploder charge for bursting the bomb casing, which is used to kill, disable 
or terrify civilian or military personnel. 

Types of Bursts: Depending upon fuse types and settings, bomb bursts 
may be classified into the two following types: 

1. Instantaneous, usually employed in connection with aerial mines, 
fragmentation, gas, and some incendiaries, where the motive is to have the 
explosion or disruption of the casing occur almost simultaneously with the 
contact of the bomb’s nose with the target. 

2. Delayed, usually used with demolition, armor-piercing and most 
incendiary types, where there is an advantage in having the bomb penetrate 
the target before detonation occurs. It is with the tremendously destruc- 
tive ability of this type that municipal officials are primarily concerned 
in connection with the protection of water and sewer services. 

Types of Shell Filling Materials: As to the types of filling materials 
used in the various kinds of bombs, the following classification may 
be made: 

1. High explosive, where the material is the relatively stable trinitro- 
toluene, popularly known as T.N.T., or one of the newer, less stable, but 
more powerfully explosive filling agents. 

2. Incendiary, in which the filler is thermite powder, a mixture of alumi- 
num and iron oxide which burns at high temperatures, and which ignites 
the magnesium case producing a temperature of about 5,000°F. 

3. Gas, in which the filling material is one of the various toxic or irritant 
gaseous compounds compressed usually to a liquid state. Several hundred 
gases have been investigated for such use, of which about 60 have been 
considered adaptable. Of these, the most important are: 
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Mustard, 
Phosgene, carbonyl (COCI,) 

Diphosgene, trichlormethyl chloroformate.............. (CICOOC—C];) 
Adamsite, diphenylaminechlorarsine.................... (C,H,)2—NHAsC] 


Path and Angle of Impact: When a bomb is released ser airplane 
in flight it is acted upon during its descent by two forces, the pull of gravity 
and the resistance of the air. Due to its initial horizontal velocity, the 


Trajectory of Bombs 


VEL. TIME 
BOMB RELEAS 
LEASED F 
MILES MILES 
SPEED OF AIRPLANE 2/0 MPH. 
2000 14501 11.5 J 
| 
4000 26 5501 15.8 | 
6000/1 \ 6301 19.4 
WwW 
u g000 | 7001 22.4. 
z | | al 18° 
uw 10,000 | 760 | 25.0 
\ 
12000 | 800 | 27.3 | 
WwW 
14,000 | 15°! ego 
\ 
+ 16000 | 8801 31.6 
w 18,000 \ 13361 
12° 
20000 1930 135.4 
0 4000 8900 12000 


vty. DISTANCE IN FEET 
Trajectory of Bomb Released From Plane Flying at 210 mph. at a 
20,000 ft. Altitude (From The Military Engineer) 7 

same as that of the plane, it travels with this component of velocity 
diminished only by air friction. Consequently, the carrier plane would be 
approximately over the target at the time of impact, if it continued in a 
straight line of flight with uniform speed. Stated another way, the bom- 
bardier at high levels aims on his target and releases the bomb long before 
the plane reaches a position vertically over it. From Fig. 2 it may be 
observed that in a plane flying at a speed of 210 mph. al at a height of 
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a The ordinary citizen has the impression that air bombs fall vertically. 
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90,000 ft. the bombardier would release his bomb 10,400 ft., or about 2 
mi. in back of the target. Due to the acceleration of gravity, the path 
described by the bomb is approximately parabolic. The exact shape of 
this trajectory depends upon such factors as the height and speed of the | 
bomber, wind velocity and direction, barometric pressure, etc. 


The simple ballistic facts indicated above show that this is quite erroneous. 
Table 1 indicates the angles of impact with the horizontal at which bombs 
would strike their target when dropped from planes flying at various speeds 
and elevations. For example, a bomb from a plane flying at 200 mph. and 
at a height of 2,000 ft. would strike at an angle of only 53 deg. with the 


*From Engineering News-Record. 


The average man in the street likewise has the mistaken notion that 
bombs strike only the roofs of buildings. Due to the angles of impact of 
the projectiles they are often equally or more than likely to strike the sides 
of buildings, especially tall structures. Considering the example of a 
building which is 100 ft. x 200 ft. in plan and 400 ft. in height (Fig. 3), 
the horizontal projection of the roof is 20,000 sq.ft., but the target offered 
to a bombardier flying at 200 mph. at an elevation of 6,000 ft. is 49,670 
sq.ft. In this case the chance of hitting the building at some point is two 
and one half times that of hitting the roof only. 


afforded at any position in a tall building below the floors likely to be 
affected by roof penetration and above those likely to suffer from shell 
splinters of bombs bursting in adjacent streets. They also imagine that 
bombs striking the sides of the building would ricochet off into the streets 


TABLE 1 
Angle of Impact With Horizontal for Various Plane Speeds and Altitudes* 
ANGLE OF IMPACT WITH HORIZONTAL FOR VARIOUS SPEEDS 
ALTITUDE 
140 mph. 160 mph 180 mph. 200 mph. 
Z ft deg. de deg. deg. 
2,000 61 58 55 53 
: $000 69 67 65 62 a 
6,000 73 71 69 
8,000 76 74 72 70 
10,000 77 75 74 72 
12,000 79 77 77 74 
15,000 80 79 79 76 7 
20 ,000 82 Sl Sl 78 


In seeking shelter from bombs many people have the idea that safety is 
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below. They forget about the large areas of vulnerable window space, and 
fail to appreciate the fact that bombs striking masonry walls even at acute 
angles would probably be traveling at such high velocities as to penetrate 
them without deflection or material impedance. Protection would be 
greatest in the interior spaces of skyscraper structures, as far removed as 
possible from exterior walls. 

Terminal and Impact Velocities: The velocity attained by a bomb at the 
time of impact depends upon the type of bomb and the height and speed 
of the bomber. In Table 2 are indicated the impact velocities of a 500 lb, 
demolition bomb dropped under various conditions of altitude and velocity, 


he $2.05, AREA OF TARGET IS 
248.35 x 200 = 49,670 SO. FT 
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3. 8. Target Provided by Tall Building for Plane Flying at 200 mph. at 
6,000 ft. Altitude 


The maximum attainable terminal velocity of bombs is limited by the 
air resistance encountered, the shape, type, specific gravity and stream- 
lining of the projectile. These maximum velocities are shown in Fig. 1, 
and for a demolition or armor-piercing type may amount to 750 and 955 
mph. respectively. 


Channels of Destruction of High Explosive Bombs . ‘a 


Bursting bombs inflict their destructive action on life and property 


through energy of impact, fragmentation of the casing, shock of e xplosion 
and the vacuum effect following immediately the air blast. 


yo 


= 
th 
bo 
by 
re 
fr 
C2 
/ 
ROOF PLAN 
4 


[ 
yOL. 34, NO. PHYSICAL EFFECTS OF BOMBING 


Kinetic Energy of Impact: This effect, due to the physical collision of 
the bomb with its target, depends for its magnitude upon the weight of the 
bomb and its striking velocity. The energy released through this channel 
by a 100-lb. bomb dropped from a 20,000-ft. height amounts to about 
1,500,000 ft-lb. From the same height, 550-lb. and 2,200-lb. bombs 
release on impact about 8,500,000 and 33,500,000 ft-lb. of energy, 
respectively. 


Fragmentation: Upon explosion, a bomb casing disintegrates into many 
fragments which are thrown with terrific velocity in all directions. In the 
ease of a demolition bomb these are steel splinters of irregular shape and 
size; with serrated fragmentation bombs they are slugs or pellets of more 
uniform size. For a 100-lb. projectile the number of fragments is about 
{,500, and they are propelled by the explosion at initial velocities of about 


ay TABLE 2 » Ged 
ss Impact Velocities of a 500-Pound Demolition Bomb* ; 


IMPACT VELOCITY FOR VARIOUS SPEEDS 


140 mph. 160 mph. 180 mph. 200 mph. 
ft. Ips. Ips. 
2,000 100 410 130 44000 
4,000 520 530 540 5500 
6,000 610 620 620 630 
8,000 680 680 690 ne 
10,000 740 740 750 750 ; 
12,000 790 790 S00 S00 
15,000 850 850 860 860 
20 000 930 930 930 930 


*From Engineering News-Record. 


5,000 fps.—approximately twice the muzzle velocity of a high-pow- 
ered rifle. 

While their carrying power is not so great as rifle bullets, due to their 
non-streamlined shape, the radius of lethal effect of these flying fragments 
varies from about 200 ft. for a 100-lb. bomb to 1,200 ft. or more for the 
heaviest types. The cone of dispersion of the splinters depends largely 
upon the fuse setting, which governs the penetration before the burst. 
For contact or above-ground bursts the dispersion of fragments is 180° 
or more, while delayed bursts in the earth usually result in a dispersion of 
90° or less, due to the protection afforded by crater walls. For protection 
against fragments, personnel should seek ditches, doorways, walls or para- 
pets, or fall prone on the ground. Due to the shielding effect of the crater, 
a person lying on the ground is usually safe at a distance of 30 ft. from the 
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point of burst of a 100-lb. bomb equipped with a delayed fuse. The 
following table from Engineering News-Record shows the minimum thick- 
nesses of materials which have been found by the British to afford protection 
against splinters at a distance of 50 ft. away from a 500-lb. demolition 
bomb burst: 


40 in. 


Wood, minimum 


_ Shock of Explosion: In bursting, a steel bomb shell is expanded to perhaps 
twice its normal size before rupturing with terrific explosive energy. This 
pressure phase of the explosion lasts for about 0.005 sec. and the kinetic 
energy released by a demolition bomb amounts to 40 or 50 times that 
‘aused by physical impact. The explosive energy of a 550-lb. bomb 
probably exceeds 400,000,000 ft-lb. In contact with air this explosion 
compresses it tremendously and sets in motion a destructive wave action 
known as “blast.’’ In contact with earth the bomb explosion generates a 
compression wave known as “earth shock.” It is obvious that the maxi- 
mum damage to structures and underground services can be effected by 
high explosive bombs which are equipped with delay-action fuses to permit 
considerable penetration of the target before the burst occurs. 

The penetration of a bomb before bursting depends on its type and 
weight, the nature of material penetrated and the fuse setting. A 500-lb. 
demolition bomb dropped from a plane 25,000 ft. high and striking with 
an impact velocity of about 1,000 fps. will penetrate 4 ft. of concrete, 
possibly the roof slab and five 6-in. reinforced concrete floors, from 10 to 
12 floors of 4-in. cinder concrete, or from 15 to 25 ft. in clay soil. 

The sizes of the craters produced in the earth depend upon the size of 
bomb, its penetration, and the nature of the soil. In paved streets, and 
with delayed fuses, average values are: 


Size of Crater 
Weight of Bomb Depth Diameter 


Ib. 10 ft. 20 ft. 
2,000Ib. 14 ft. wit 40 ft. 


Much larger craters are produced in penetrable clay or sandy soils. A 
2,200-lb. bomb may penetrate 40 ft. in sandy loam and move more than 
1,000 cu.yd. of earth. A 100-lb. bomb may penetrate 6 to 8 ft. and ron a 
crater of more than 25 cu.yd. in volume. _ e's 
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The radiuses of destructive air blasts and earth shocks also depend upon 
the size of bomb, its penetration and the nature of the target. In paved © 
streets, bombs equipped with delay-fuses exercise a destructive action by 


blast and shock at distances indicated below: - se 
Radiuses of Destruction 


eight of Bomb Earth Shock Air Blast 

100 lb. 22 ft. 70 ft 

500 Ib. “hh 45 ft. 200 ft. 
2,000 Ib. 70 ft. 400 ft. 


British experience has shown that water and sewer mains are broken at 
lateral distances of 60 to 120 ft. from bomb craters, and partial destruction a 
may occur at even greater distances. Such lines with 40 to 50 ft. of cover — 
are not immune to destructive earth shocks. It has been found that air — 
raid shelters must be constructed 60 to 80 ft. underground and provided | 
with stout roof structures if they are to be considered safe against 
direct hits. 


Vacuum Following Blast: The fourth channel of bomb destruction is the 
suction effect of the air rushing back into the partial vacuum created by | 
the intense explosion. This follows immediately after the 0.005-sec. 
blast and lasts for approximately 0.030 sec. at a lower intensity. At a 
distance of 30 ft. from a 550-lb. bomb explosion its magnitude is about 4 to | 
5 psi. This effect, acting in a direction opposite to that of the preceding 7 
blast, is sufficient to pull great heaps of debris toward the point of burst. 


Vulnerability of Various Types of Construction 


From the nature of the destructive forces in bombing it is apparent 
that buildings which have bearing walls of masonry construction, where | 
weight is depended upon to hold them in place, are exceedingly vulnerable. 
Skeleton frame structures of steel or reinforced concrete, where the weight | 
is carried by heavy columns and girders are much more resistant. Win- 
dows and curtain walls may be blown out, and even a few columns or 
beams ruptured, but the building as a whole remains intact. It has been 
found that buildings having structural steel frameworks are generally 
more resistant to bomb damage than those with concrete frames due to the | 
fact that explosions loosen the bond of the reinforcing and fragments tear _ 
away the concrete from the steel. 4 


Probability of Bomb Hits on Vital Structures ~~ 


Assuming that bombing is of the nocturnal, high level, random type 
rather than directed at specific targets, the chance of hits on particular 
structures will be in the general ratio of the area covered by such structures 
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to the total a a city or community. Water and sewage works officials 
are especially concerned over the probability of hits upon their vital strue- 
tures and service mains. Some solace should be found in the reports 
from Britain that, so far, not a single water purification works, power 
station, or sewage treatment plant has been put out of commission or 
seriously damaged in more than two years of almost incessant bomb attack. 

It is estimated that in New York City, our most compactly built metro- 
politan center, the area distribution is: buildings, 40 per cent; streets, 
30 per cent; parks and other open spaces, 30 per cent. In the average 
American city the building coverage is estimated at not more than 20 
per cent of the total area, with street areas of 10 to 20 per cent and with 
open spaces accounting for the remaining 60 to 70 per cent. The smaller 
sprawling cities and towns offer an even smaller area ratio of vital strue- 
tures and utilities as the targets for enemy bombardiers. 


Wea, 


Vodification of the Fluoride Determination 


Addendum 
tet. 


The author wishes to bring to the attention of the field a change and an 


Pe By R. D. Scott 


additional notation concerning the fluoride procedure as published in his 
paper “Modification of the Fluoride Determination” (Jour. A.W.W.A,, 
33: 2018 (1941)). 

Further study has shown the acid content of the reagent to be more 
critical than was previously realized. While it is desirable to have a rather 
large quantity of acid present in order to suppress interference of sulfate 
and chloride when these ions are present in unusually high concentration, 
too much acid lessens the color contrast of the higher concentrations of F~. 

Conversely, the color contrast with small F~ concentrations is thereby 
sharpened and, in fact, the strength, as presented in the published procedure, 
3 N is well suited for distinguishing between such concentrations as 0 and 
0.05 or 0.05 from 0.1 ppm. F~. However, in order that 1.4 ppm. may be 
distinguished from 1.5 ppm. F~, the normality of the mixed acids should 
not exceed 2.7. Accordingly the procedure under 1.3 should be changed 
to read: 

“Prepare an approximately 2.7 N hydrochloric acid solution by diluting 
112 ml. of concentrated acid, sp.gr. 1.19, to 500 ml. and an approximately 
2.7 N sulfuric acid solution by diluting 37 ml. of concentrated acid, sp.gr. 
1.84, to 500 ml. After cooling, mix the two acid solutions. The final 


strength may be checked by titration. . . 
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‘rends in Coefficients of Large Pressure Pi amr inatiale H. Capen 
I I 


By Weston Gavett, John Hedberg, Charles H. Capen and — 
Richard Hazen ha: 

VERYONE who must deal directly with the problem of measuring 
E or estimating the flow of water in pipes is confronted sooner or later 
with the necessity of using either a formula or set of tables to estimate 
such flows. Unlike the structural engineer, the hydraulic engineer has, 
by custom, developed the habit of calculating his flows and pipe sizes down 
toa fine point of determination that allows little, if any, leeway. Largely 
because of this, the choice of any empirical formula for determining such 
flows is of paramount importance. More than a few eminent hydraulicians 
have lived to see their estimates go awry and some have been brought 
strictly to account. 

The original article on “Trends in Coefficients of Large Pressure Pipes” 
was written primarily not only to warn engineers of the pitfalls that exist, 
citing some of the instances of malperformance, but to serve as a guide to 
those who have such problems in the future. Mr. Capen has summed up 
the situation briefly, as follows: 

Many large pipe lines have not performed as expected. 

2. The cost involved in such projects is so large that someone —usually 
the engineer in charge of design —is frequently held responsible. 

Tests on large pipe lines are not undertakings that can be accom- 
plished easily. Careful preparation and training of personnel are necessary 
if dependable results are to be obtained. For this reason, the number of 
reliable records is rather limited and conclusions can be drawn from them 
only by a most careful consideration of the conditions surrounding the 
individual tests. 

An exhaustive study of the literature, supplemented by some indi- 
vidual tests and by selection of typical results culled from the available 


A series of discussions emanating from material originally published in the 
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z ae has led Mr. Capen to select the modified Mills formula as the mogt 
dependable for general use. 

The Williams-Hazen formula was based on a large series of tests avail. 

able at that time and represented a good approximation of the norma] 
results to be expected. The fact that Mills arrived at a somewhat different 
answer is primarily because he confined his study to tests made under the 
most exacting conditions by well qualified experimenters rather than by 
taking an average of all the results available in the entire field of water 
conduits. 

The excellent tables published for the Williams-Hazen formula, to- 
gether with the distribution of slide rules for rapid calculation of the 
formula, led to its wide acceptance. Its exponents, however, make it cum- 
bersome to use by direction solution of the formula. No one can deny that 
the tables have been of tremendous benefit to water works men, but if, as 
Mr. Capen believes, the time has come to supplement them by a formula 
more nearly in accord with facts, customs should be changed, particularly 
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for large pipe design. 

The very fact that construction of test sections of large pipes is pro- 
hibitive in cost leads to consideration of the use of models. This immedi- 
ately brings to the foreground the use of Reynolds number, as discussed 
in the succeeding contributions. 

Discussion by Weston Gavett.* Mr. Capen, by presenting the results 
of his careful studies on the frictional losses in large pipes has again ren- 
dered the water works profession a real service. The variety of the pipes 
investigated, with respect to size, type, age and condition provides valuable 
data for evaluating various formulas on pipe flow. His conclusion that 
the frictional loss varies as the second power of the velocity rather than 
some smaller fractional power, for the range of diameters and velocities 
studied, appears well substantiated. With the formula he suggests, hy- 
draulic computations will be simpler and more accurate. 

While the paper is obviously intended for the practical water works man, 
the fluid mechanicians should not be distressed over the simplicity of the 
formula advocated. For the range studied, the use of 2 for a coefficient 
of V in the expression for loss of head seems entirely proper, with all due 
deference to the Reynolds number. This number, so frequently men- 
tioned in present day papers on hydraulics, is not as familiar as other 
factors such as D, V, S, ete., possibly because it is usually nage . 
formula form rather than numerically in tables or on charts. That, 
least, is the writer’s reaction to R, or R,, and he has been inclined to agree 
with some authorities that the Reynolds number is of slight importance 


* San. & Hydr. Engr., Plainfield, N.J. 
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yOL. 


for pipe studies in the range of sizes, velocities and viscosities encountered 
in general water practice. In an attempt to visualize R in terms of 
diameters and velocities, a simple diagram (Fig. 1) has been plotted to 
show the relationship between R, D and V. A temperature of 15°C. was 
used. ‘To prepare this diagram the following data* were used: 


; “ Bin Where V = velocity, in feet per second “ 
ba D = diameter of pipe, in feet 

v = kinematic viscosity 


The kinematic viscosity is equal to the absolute viscosity 
p 


| divided by the mass of the liquid, p 
_ The mass p is equal to the weight per unit volume divided by vs 
gravitational acceleration. 

~ At 15°C., v, the kinematic viscosity was found (from a table) to be 
~ 0.0000123. This value may be derived as follows: 
Poiseuilles formula 


0.000037 16 
= = (),.0000239 f 15 
= 0.033687 + 0.000221 7? 


For foot, pound and degree Centigrade units 


62.38 
= mass = 39 16 = 1.9397 


=P. = (,0000123-+ 
p 1.9397 

Mr. Capen’s designation of his coefficient as F,,, in honor of Hiram Mills 
seems entirely proper and a long delayed recognition of the remarkable 
work done by Mills. His book, “Flow of Water in Pipes’’ (3), published 
in 1923 after his death, contains his voluminous studies as compiled from 
his notes by John R. Freeman and Karl R. Kennison. In the introduction, 
Mr. Freeman notes that Mills’ first experiments were made in 1872 and 
that his fundamental formula RiJ = CV + C,V? was developed shortly 
after that time. It is important to note that publication of Reynolds’ 
work is generally placed in about 1880. Much of Mills’ work was done 


prior to that time. 


* Formulas for uw and » are those given by Gibson (1). King’s handbook (2) gives 
formulas and tables for lower and higher critical velocities based on Reynolds 
numbers. 
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Swindin in “Modern Theory and Practice of Pumping” (4) comments 
sarcastically on the use of exponential formulas rather than an expression 
for resistance to flow in two terms, one with the first power and the other 
with the square of V, a relationship shown by Stokes, Dr. Young, and 
Lord Kelvin. The diagrams and tables prepared by Mills, showing the 
coefficients C and C), indicate a remarkable agreement with observed data, 
and show distinctly the lower and higher critical velocities, with friction 
dependent on V in the lower range, a transition zone where both coeffi- 
cients increase and an upper zone where both C and C, are constant in 
value. It should be noted that Mills used Saph and Schoder’s experi- 


< ® LIMITING VALUES FOR LAMINAR 
FLOW GIVEN BY MILLS (SEE TABLE 1) 


D= DIAMETER OF PIPE IN FEET 


V= VELOCITY IN FEET PER SECOND 


Fic. 1. Reynolds Number, R, for Water at 15°C. i & 


ments on small pipe to illustrate conditions in the lower ranges, and that 
these authors pointed out the laminar flow conditions below the critical 
velocity. 

Another interesting feature in Mills’ book is his plotting of the velocity 
distribution in a 12-inch pipe, obtained by the use of a specially designed 
pitot tube, where he shows a parabola for the central 80 per cent of the 
diameter with a transition in the curve adjacent to the walls. This he 
designated as the “probable zone of disturbed motion or eddying, originat- 
ing in the perimeter and limited by point where curve of velocities breaks 
away from a true parabola.”’ Present-day theory locates the laminar zone 
adjacent to the pipe wall with turbulent flow in the central zone. 
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Mills noted and gave formulas for the variation of the lower critical 
velocity below which the resistance varies with the first power of the 
velocity. A comparison of the values of Table 1 (3, p. 84) for the lower 
critical velocities and the curve (Fig. 1) will show a close agreement with 
R = 2,000. 

The writer has included the foregoing notes from Mills’ book because 
they seemed of general interest and emphasize the propriety of honoring 
Mills by the designation of a useful coefficient with his name. It is obvious 
that Mills was well in advance of his contemporaries in his work on 
hydraulics. 

Hunter Rouse (5) has given a résumé of present day fluid mechanics 
relating to pipe flow. His paper includes a chart showing the variation 
of f with R. This curve indicates that the hydraulic radius at which the 
exponent of V is 2 is dependent on R and the roughness of the pipe. The 
chart indicates that the observations reported by Capen with Reynolds 


Relation of Diameter to Critical Velocity as Determined by Mills* 


DIAMETER VELOCITY REYNOLDS NUMBER 

in ft Sps 

Ol 2.07 1683 
08 1951 
25 0.1 2033 


* See Fig. 1 for plotting of points. 


numbers of 580,000 to 2,080,000 fall in the portion of the curve where f 
is constant, or the coefficient of V is 2.00. For smaller pipes and lower 
velocities the use of V? might be subject to some question, although, as 
Capen points out, the error in using 2 as an exponent may be small com- 
pared with possible errors in assumption of coefficients. For smooth pipe, 
the formula H = Ss as given by Saph and Schoder for brass pipe 
appears well substantiated. For pipes with roughness between those 
giving exponents of V of 1.75 and 2.00, no single exponential formula can 
be precise. The exponent corresponding to the degree of roughness should 
be used, or the exact Mills formula with proper coefficients for V and V*. 
On Fig. 2 are plotted an exponential formula for smooth pipe, H; = 
0.3V'-, from Schoder and a formula of the Mills complete form with 
coefficients to provide coincidence with the exponential formula at V = 1 
and V = 10, H,; = 0.146 V + 0.154 V*. In both forms, D is taken as 1, 
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to simplify. It will be noted that between the two values of V, the two 
formulas are reasonably close together. Below 1 fps. and above 10 fps,, 
the two curves diverge and there seems little doubt that the Mills type of 
formula will be correct over a much greater range of velocities. For higher 
velocities, the Mills type curve approaches a straight line with slope or 
exponent of V of 2.00. 


10 


1.0 
4 
T T 
| 


“++ SCHODER EXPONENTIAL FORMULA -H=0.3V'™ | 


MILLS TYPE FORMULA-H#0.146V+0.154V 


V= VELOCITY IN FEET PER SECOND 


0.1 1 10 100 1000 
H=LOSS OF HEAD IN FEET PER THOUSAND 


7 Fig. 2. Comparison of Mills and Sechoder Formulas () = 1 ft.) 
~The coefficients for the Mills type formula were obtained as follows: 
al Exponential formula, H; = 0.3 V' (D = 1.0) 
Mills type formula, 7; = CV + C,V? 


At V =1fps,C +C, = 03 

At V = 10fps., H; = 0.3 X 56.2 = 16.86 Stes tt 
C = (03 — C)) 
(0.8 — Cy) + 100 Cy = 16.86 


= 0.154 
C = (0.3 — 0.154) = 0.146 Me. 


DiH, = 0.146 V + 0.154 V2 


The exponent of d of 1.25 also has impressive support and appears to 
hold for rough pipe as well as smooth. The exponent of V seems to lie 
between 1.75 and 2.00 depending on the smoothness of pipe and the 
Reynolds number. 

The value ¢ described by Rouse is a useful measure of the degree of 
roughness. It is used to represent the radial dimension of the roughness 
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particles. 


ments by Nikuradse on pipes artificially roughened by 
Rouse gives the relation between f and ¢« by the formula 


yarious sizes. 
vi 


2 logio 


TEST NOS, 


P4 
P5, P6, P7, P8 
P9 


P10, Pll, P12 
P13, P20 


P14, P15, P16 
P17 

P18, P19 

P27, P28, P33, P34 
P29 

P30, P31, P32 


R2 
R3 


R7 


W 1, 2, 3, 4, 5,6 
2,95 9,10 

W 11, 
PV 3, 4 


D 2% 


the values of € in the tests reported by Capen. 


aa ‘OEFFICIENTS OF LARGE 


PIPES 


= 1.74 where f is the coefficient in the 


PIPE 
DI- 


AMETER 


PIPE AGE 


39.240 


40.8 
43.8 


4 


0.6-0.5 


21.3 


9 6 
6.7 


TABLE 2 
Values for f and e (After Nikuradse) as Obtained From Field Tests of Large 


REMARKS 


pSame, 


Pequannock 
riveted pipe, 7 = 


Pequannock Conduit 
(48-In. 
7-ft. 


Portion) 
pipe, 
lining 


lengths, 


No. 
ngths! 


No. 2} 
riveted 
before 


after lining 


| lock bar, 30-ft. 


/Pequannock Conduit No, 2 


(42-In. Portion) 
pipe, 7-ft. lengths 


Rockaway Conduit 


riveted steel, 7}-ft 


Rockaway Conduit 


crete lock joint, 12-f 


The 


riveted 


\ 


No. 1—{ 
lengths) 
No. 2 


lengths 


Wanaque Pipes lock bar, 
30-ft. lengths 
Passaic Valley Pipes—con 


t. lengths 


f 


0426 


0409 
O445 


0421 


0473 


OIS4 
O175 
OISS 


OASY 
0313 
0375 


QIS7 
OL5S 
0173 
0130 


Curves in Rouse’s paper show the effect of «, based on experi- 
sand grains of 


formula 


Pipe 


0.056 
0.028 
0.042 
0.008 


From this formula, the writer has attempted to determine 


values do not indicate 


the exact dimension of the tubercules, but perhaps represent the dimension 
of roughness particles, which if uniformly spaced, as in Nikuradse’s experi- 


52900 
| | 
Or 
= 
ip vr. in. 
tt 48 31.5 0.60 
tt 48 | 45.1 mm (0.56 
48 | 48 mm (65 
0.029 
48 0.040 
a | 0.23 
12 27.4 0.40 
72 17 0.55 
72 | 23 0.77 
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ments, would give a loss equivalent to that caused by the roughness, 
rivets, joints and vertical and horizontal curves in pipes reported by 
Capen. Table 2 shows the values of f and ¢ for various tests described in 
Capen’s paper. 

On Fig. 1 is indicated the lower limit of the critical zone, or R 2,000, 
as well as the approximate value of R above which n, the exponent of V. 
is 2. These values are from Nikuradse’s experiments on artificially rough- 
ened pipes as given by Rouse (6). The degree of roughness is designated 
by - or the ratio of the radius of the pipe to the radius of the roughness 
particles. 

In conclusion, the writer would like to express his admiration of Mr. 
Capen’s courage in advocating the use of a simple formula of the V? type 
in the face of the general acceptance of exponential formulas by engineers 
over many years. While neither type is exact in the lower range of 
Reynolds numbers, it appears that the simple Mills formula will show a 
higher percentage of accuracy than the exponential type over the whole 
range of sizes and velocities encountered in water works practice. The use 
of the V? formula will greatly simplify the work of water engineers in many 
calculations. 


Discussion by John Hedberg.* ‘The writer finds himself in hearty 
agreement with Messrs. Capen and Gavett in the essential points of the 
former’s paper and the latter’s discussion of it. There can be no ques- 
tion of the validity and applicability of empirical formulas based on well 
conducted experiments. The danger lies in their use beyond the range of 
the actual experimentation. 

The usefulness of the Reynolds number in the analysis of pipes is largely 
its service in enabling us to generalize a wealth of experimental data on 
many pipe sizes, and different fluids. We still lack a suitable criterion for 
surface roughness and until this is found, there is no justification for dis- 
carding the well-founded formulas of Mills, Williams and Hazen, Scobey 

and others. 


= 


- Discussion by the Author—-Charles H. Capen.+ With his usual di- 
rectness, Mr. Gavett has summed up the situation most adequately by say- 
ing: “the paper is obviously intended for the practical water works man,” 
Consideration of viscosity and the Reynolds number was deliberately 
omitted from the text, but the references at the end of the article were 
* Prof., School of Eng., Stanford Univ., Calif. 

+t Chief Engr., North Jersey District Water Supply Com., Wanaque, N. J. 
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intended to give an opportunity for further study to any who might wish 
todo so. The paragraph on “temperature’’ alluded to the fine points of 
viscosity corrections. 

Now that the subject has been reopened it seems reasonable to start 
from scratch with the assumption that many engineers do not know just 
what Reynolds number signifies. An excellent, brief digest is given in 
The Delaware Water Supply News for April 15, 1939 (6), in which not only 
Reynolds number, but the lesser known Froude, Weber and Cauchy num- 
bers are also defined. The following is quoted from that publication: 

“In 1885, Professor Osborne Reynolds of the University of Manchester, 
England, further developed the principle of similitude. The great contri- 
bution of Reynolds to hydraulic theory was his recognition of the part that 
viscosity plays in so many hydraulic problems. Fluid friction is due to 
viscosity and in all problems having to do with flow in pipes and channels, 
a necessary condition for similarity between model and prototype is that 
the Reynolds number, R, shall be the same for both. 


is one of hydraulic instability, in which the flow changes from laminar to 
turbulent, it is essential that the model and the prototype both stay on the 
same side of this region. In commercial practice, the change from laminar 
to turbulent flow is generally assumed at R = 2,000 to 2,200.” 


Application of Reynolds Number 


The foregoing definition and explanation serve as a suitable technical 
basis but they do not reveal clearly to the average water works man what 
benefit may be derived from the every day application of these principles. 
In more simple language, what Reynolds attempted to do was to establish 
a relation by which experiments on small pipes (mainly as models) may be 
correlated to actual flow conditions in larger pipes or to flows with liquids 
of different viscosity. Thus in practical operation, if an engineer or water 
superintendent desires to predict what a large pipe, or series of pipes, will 
do under certain conditions, he has but to construct a small scale model, 
conduct experiments, and apply the observed records to the ratios indi- 
cated by Reynolds. The result will be the theoretical prediction of final 
operating conditions. This means that valves, penstocks, Venturi meters, 
pipe lines of all kinds, and, in fact, any water works appliance subjected 
to flow conditions, can be experimented upon in the form of a model and 
that the full scale results can be predicted from the experimental findings. 

Professor Hedberg has furnished corroboration of the original findings 
of both Mr. Gavett and the writer, but slight exceptions are taken to two 
of his statements. One is to the effect that a suitable criterion for surface 
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roughness is still lacking. The excellent comparisons made by Mr. Gavett 
in adapting Nikuradse’s experimental data to actual field observations 
(and incidentally the reasonableness of the results) suggest that the prin. 
ciples determined by Nikuradse may easily be made the basis for a criterion 
of roughness, empirical though it may be. For the present, therefore, this 
obstacle may be considered as overcome. 

Considering this, together with all the facts now available regarding flow 
in large pressure pipes, the writer still believes, contrary to Professor Hed- 
berg, that the value of the Mills formula has been sufficiently well estab- 
lished by Mills, Scobey, Gavett and the writer, and possibly by others, 


to warrant its adoption. 


Fluid Flow Formulas 

Probably to Poiseuille should go the credit for measuring viscosity of 
fluids, the subject on which most of this comment hinges. He developed 
the formula shown by Gavett. According to Reed and Guthe (7), Poise- 
uille also developed a formula for the flow of water in pipes, expressed by 


the equation: 


where Q is quantity; p, the difference in pressure; 7, the radius; L, the 
length; n, the coefficient of viscosity; and /, the time. By letting Q = 
or Var, dividing each side of the equation by ar?, and transposing, we 
obtain: 
: 


Substituting Vo for H for p, D for r and introducing the constant / to 


compensate for these changes where necessary, mre 7 . 


the main difference being in the exponent of D. 
, a or dynamic similarity of fluid in motion, Reynolds proposed the form: 


_ LVp 


Phis may be seen to be similar in form to that derived by Scobey (8): 
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where L is length; V, velocity; p, mass; and yw, absolute viscosity. Whether 
or not Reynolds intended that L should vary directly as the diameter is 
something that has not been well explained. At any rate, all current 


writers use the form: 


where D is substituted for L, and v represents the kinematic viscosity or * 

p 
This is equivalent to saying that, for equal degrees of velocity and viscosity, 
the Reynolds number varies directly as the diameter. Conversely, if a 
pipe 10 ft. in diameter is to have the same Reynolds number as a pipe 
only 1 ft. in diameter, it must have one-tenth of the velocity. 

In spite of suggestions by the hydromechanicians that the practical 
engineers give more heed to their teachings, Scobey is the only one of the 
modern writers who has presented a readily used and understood method 
of correcting for viscosity. Scobey started with the familiar Darey 
formula: 


h, 


Then using: 


he derived the formula: 


where m is a constant representing the internal characteristics of the pipe. 
Scobey then returned to Reynolds’ proposal that the sum of z + x« = 3 
to obtain 


The shortcomings of Eq. 10 consist in assuming that z + 2 = 3 is a 
true relation. The writer believes that the relation z + x2 = 3.25 is more 
nearly correct. From Eq. 10, by inserting his experimentally determined 
value of z, Scobey obtained Eq. 4. If, however, we take the writer's 
exponents for V and D, Eq. 9 may be written: 
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There is no simple method to determine the value of y. Only the most 

refined experiments (and there no doubt are many such on record) wil] 

serve to give a reliable result. If we should use Scobey’s 2 — z for y, the 

| value of y in Eq. 11 would be zero if z = 2, and the v term would disappear. 
‘This would be true, regardless of whether we started with Eq. 7 or substi- 


tuted the Mills relation in the form: 


It is important to note that Scobey started off with the Darcy form, 
Eq. 7, and then, having arrived at Eq. 9, changed the exponents to agree 
with compiled experimental data. This does not appear to be altogether 
proper. 

The variations Scobey obtained from Eq. 4 with respect to temperature 
(and viscosity) amounted to only 3.2 per cent within the range of 0° to 
20°C., which constitutes about the normal span of water temperatures, 
When engineers were trying to estimate friction characteristics of a given 
pipe line within 10 per cent, and anticipating possible reductions of even 
greater magnitude, as the age of a pipe increased, it seemed of little value 
to pay too much attention to viscosity effects. As pointed out in the 
original article, however, modern pipe linings do not deteriorate nearly as 
much as those used formerly, so refinements for viscosity may increase in 
relative importance. Nevertheless, taking a typical year, water flowing 
in the Wanaque conduit (which was one of those tested and reported on) 
varied in temperature from 1° to 19.2°C. According to Scobey’s table, 
this would result in a maximum variation of 2.9 per cent because of change 
in viscosity. It is no secret that most designing engineers would be 
infinitely pleased to be able to feel justified in making a correction of 
that order. 

Kalinske (9) suggested a rather unique method of solving pipe flow prob- 
lems by employing certain parameters. The objections to his method are: 
(1) that the Darcey formula was used (although any other could be substi- 
tuted); (2) that the curves were based on tests of cast-iron pipe not typical 

of present-day products; and (3) that no example or solution was given to 
show the practicing engineer how readily to use the method suggested. 

Rhodes (10) considered that both the Reynolds and Froude numbers 
should be taken into account. By dimensional analysis, starting with 
Darcy’s formula, he arrived at the equation: 


where all the terms except / (Froude number) are similar to others com- 
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monly used. F is represented by —,—~. Assuming e = — 1, Eq. 18 

would become: __ 

14 


Rhodes stated that e did not generally equal —1 in experiments. By using 

an approximation between certain empirical formulas he obtained: 
L 
= 2k . (15) 

D 2q R?.19 

This formula is subject to the same objection as all formulas based on 
the Darcy form, since all recent experimental data indicate that the expo- 
nent of D should be greater than unity. The use of the Froude number, 


VD’ 
Darcy relation is correct. It had previously been stated by Rouse (5) 
that Froude’s number “refers to flow with a free surface” and “has no 


based as it is on the square root of the expression presupposes that the 


relationship whatever with the inner mechanism of confined flow.” Until 
such authorities on hydromechanies agree, there is little point for the prac- 
ticing engineer to give much thought to the use of some of these terms. 

In the writer’s opinion, the contribution of Rouse is one of the best of 
the more recent explanations and Gavett does weil to predicate his study 
on such a solid foundation. Two important stitements by Rouse are 
pertinent. The first, referring to the letter L in !“q. 5, says: 

“The length parameter, L, may have any value, characteristic of the 
flow, which the investigator may care to select, so long as he is consistent 
in its use throughout the investigation. Obviously, the characteristic 
length which he selects will determine the final numerical magnitude of the 
Reynolds number for a given set of conditions ... for purposes of uni- 
formity, it is customary, in pipe studies, to use the diameter of the pipe 
as the length factor.”’ 

Referring to the exponential formula for H equzted to V and D, with 
the exponent of V given as n, Rouse says: 

“Thus, flow through an absolutely smooth pipe—which may never be 
realized—would probably become less and less dependent upon the Rey- 
nolds number, as the latter increased, attaining complete independence 
(n = 2), however, only when R became infinitely great 

Assuming, for the moment, that it is correct to use Eq. 6, then at a 
temperature of 15°C. and a normal design velocity of 4 fps., the Reynolds 
number for the lower limit of large diameter pipes originally proposed by 
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the writer (36 in.) would be 973,000 and that of the largest pipe for which 
complete experimental data are given (74 in.) would be 2,005,000. Accord- 
ing to the preceding quotation from Rouse, pipes of such magnitude are 
approaching the condition where, with the smooth pipes now obtainable, 
an exponent of 2 for V would be closely approached. This, of course, 


bears out the suggestion made in the original article that the 5, term is 


indicative of falling bodies, and that an infinitely large and smooth pipe 
would tend to create such a condition. Certainly some of the large smooth 
conduits of today, involving Reynolds numbers of 5,000,000 or more, 
approach ideal conditions so closely that the error involved in assuming 


n = 2 is negligible compared to other intangibles. 
0.10 
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VALUE OF IN INCHES 


Fic. 3. Relation of Nikuradse’s e« and Darey’s f (values of « and f from Table 2 in 
Gavett’s discussion) 


Perhaps the investigations of losses in bends that have been carried on 
in detail in recent years will serve to permit the practicing engineer to 
make corrections in design so that use of other refinements in the future 
will be justified. 

Rouse pointed out that the equation by Nikuradse, expressing the rela- 
tionship of roughness to friction factor in the form (where ry) = radius of 
pipe and e« = radial dimension of roughness particles): 


applied to the zone of turbulence only, and ‘“‘may be expected to apply 
generally only in the event that the roughness in question is geometrically 
similar to that of the sand coatings in Nikuradse’s investigation.’’ Since 
no such tests have been made on pipes operating under the exact condi- 
tions of those in New Jersey, Gavett has at least established a basis of 
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comparison by computing the value of € for various recorded measurements, 
Plotting Gavett’s results for f and ¢, as shown in Fig. 3 results in a graph 
that is informative. It illustrates the wide zone between smooth and 
rough pipe and indicates that the value of f probably never reaches zero 
regardless of the fact that « may closely approach zero. This same conclu- 
sion may be reached both by analyzing the formula used and by inter- 
preting some of the results given by others. Probably the effect of internal 
friction or turbulence would account for this condition. Rouse gives this 
impression in some of his well-conceived explanations. 

It is not the purpose of the writer to quote at length, but some of Rouse’s 
remarks are so important that they bear repetition. At one point (5, p. 
{88) he said, ‘‘for smooth pipes the term for average viscous shear may 
be omitted entirely without introducing noticeable error. ...In the case 
of rough pipes in the range of constant f, the turbulent action is so excessive 
that viscous resistance as a function of the mean velocity gradient is com- 
pletely negligible in all parts of the flow. Thus, the Boussinesq concept of 
purely turbulent resistance in the central regions of flow is practically 
realized throughout the realm of high Reynolds’ numbers for smooth and 
rough pipes alike.” This statement seems to confirm the judgment of the 
writer in confining these studies primarily to large diameter pipes, and in 
neglecting consideration of viscosity. Mills differed from Rouse in saying 
that a disturbed flow, not laminar, occurred near the pipe walls. 

Rouse commented particularly (5, p. 502) on the shortcomings of the 
term € as given in the equation determined by Nikuradse, but suggested 
that the term e might be of some relative value after all. Gavett evidently 
had this in mind in making up his table. The writer has tried to correlate 
these ideas by plotting two curves, both based on actual full-scale observa- 
tions recorded in the original article. Following, to some extent, the 
grouping used by Gavett, values for . —and R \/F,, were computed and 


4 
m 


plotted in a manner similar to that used by Rouse. The results were dis- 
appointing as was indicated by Rouse in pointing out the possible short- 
comings of such a plotting. Next the values of — 
€ 

plotted, again in a manner similar to that of Rouse. The results are 


were calculated and 


shown in Fig. 4, which indicates the relative value of ¢€ that can be assigned 
to widely diversified commercial pipes with some hope of comparison, if 
the Nikuradse formula is accepted. There is still a possible criticism of 
basing all this on a value f from the Darcy type formula, but the relative 
values to be gained may make it worth the effort. 

Computed values of € (radial dimension of roughness particles) indicated 
about 0.7 in. for Pequannock pipes. Actual observations showed tubercles 
“frequently an inch in height.” 
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Recent Developments 


For some reason, it is difficult to find any graphical presentation of the 
Reynolds number. In Fig. 1, Gavett has presented such a graph in exeel- 
lent fashion and has superimposed the lower limits of the turbulent zone 


i.e., the upper limit of the critical zone, by means of the — values (in respect 
€ 


to R) obtained from the Rouse paper. Points plotted for Mills’ deter- 
minations for limits of laminar flow show a remarkable consistency at 


R = 2,000. 


CALCULATED FROM 
FIELO TEST IN NEW JERSEY 


f 
EQUATION OF CURVE -2/og =1.7 

(oeriveo ay wixuracse) 
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Fic. 4. Relation of Nikuradse’s — and Darcy's 
€ Vf 
‘ 


Another most useful curve is Gavett’s Fig. 2 which shows that, for 
velocities within the range of normal design, the original Mills formula is 
sufficiently straight to approximate an exponential form. Mills indicated, 
however, that, in practical design, the linear form of Vo may often be 
omitted and only the square term used. 

As a general comment on the subject, the remarks by Von Karman in 
his discussion of the Rouse paper are in a class by themselves, and anyone 
who proposes to plunge boldly headlong one way or the other is advised 
to read the 13 pages so aptly stated by that author. The writer does not 
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wholly agree with Von Karman, however, that pipe lines have been found 
to yield results within 3 to 5 per cent of predictions. Certainly experiences 
in New Jersey, under the leadership of many of the best known hydraulic 
engineers of the country, do not bear out that contention. Recent in- 
formation at hand indicates clearly that at least one other section of the 
country has had the same difficulty. 

Since the original article was written, Kalinske’s paper on turbulence 
(11) has been published and Kennedy (12) has shown a graphical solution 
of the relation of Rtonandf. Both of these have their place, but neither 
has changed the conclusions originally reached by the writer. 

Before concluding, it might be well to point out that many pipe flow 
diagrams cover ranges from small diameters, such as 2 in., up to large 
diameters of perhaps 20 ft. If the Reynolds number expresses a true rela- 
tion, then similitude of action by the two pipes would only exist if the 
velocities were in inverse relation to their diameters. This is equivalent 
to saying that an experimental pipe 12 in. in diameter could have a velocity 
of 40 fps. to be compared with a proposed one 10 ft. in diameter having a 
velocity of 4fps. Such a condition, if strictly true, may be of great benefit, 
but caution is urged that the use of astronomical figures for velocities, 
even if only in theory, is not conducive to thorough understanding by the 
practicing engineer. It therefore becomes desirable to use moderation in 
establishing limits for the model and its prototype. 
» hom 
It may be noted that neither here nor in the original writing have any 
new formulas been introduced. The hydraulic profession has been cursed 
with an oversupply, and it was felt that a more useful purpose could be 
served by attempting to indicate those which may be readily employed 


with some degree of assurance. 

This is not a hymn of hate against the fluid mechanicians or mathema- 
ticians, nor an unqualified advocacy of the empiricists. Rather, the writer 
has been forcibly thrown into a controversial whirlpool of conflicting 
opinions or methods of calculating pipe line capacities and has attempted 
to set down a series of observations that will enable others to reach rational 
conclusions. Furthermore, it was desired to establish a reasonably easy 
and correct method, empirical though it may be, by which hundreds and 
perhaps thousands of engineers who have such problems may hope to cope 
with them with a reasonable degree of assurance. 

So far no one has convinced the writer that any of the modern teachings 
of fluid mechanics will enable the engineer to obtain any more accurate or 
reliable results in design than is now obtainable by use of the Mills formula. 
In fact, it appears that this simple formula is not only supported empiri- 
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cally but also by the findings of hydromechanics for the range of sizes and 
velocities covered in the writer’s paper. This should give comfort to those 
engineers who might be concerned that present-day hydraulic theory would 
eliminate simple methods of computing pipe flow. For those interested 
in the causes of pipe friction, a study of hydromechanies will prove fasej- 
nating, and where special problems are encountered, such as flows in smal] 
pipes and tubes, flows of viscous fluids, tests of models, ete., the help of 
hydromechanies will be essential. Both Mr. Gavett and the writer fee] 
that the study of fluid mechanics is one of unquestionable value. The 
extent of this value is not yet known. 

Important contributions to the general subject have been presented 
recently by Ellwood (13) and Leitner (14). No discussion on the subject 
would be complete without drawing attention to the work and teachings of 

_ Professor Boris A. Bakhmeteff (15). 


_ Discussion by Richard Hazen.* Mr. Capen has made available new 
data on friction losses in large pipe lines. His paper covers two subjects 
friction coefficients and formulas for estimating the head losses in pipes, 
There can be little quarrel with his conclusions regarding the effect of age 
and water quality on friction coefficients of old and modern pipes. The 
feasibility of restoring the carrying capacity of old pipes by cleaning and 
lining has been well established. 

Much of the paper deals with the exponent to be applied to the velocity 
term in friction loss formulas. The limited data presented indicate that a 
velocity exponent of 2.0 yields more consistent friction coefficients than 
the lower exponents of the Scobey and Williams-Hazen formulas. In 
view of the divergent results obtained in the numerous investigations that 
have been made in the past, these results are not surprising. There is 
question, however, as to the propriety of concluding from these results 
that the exponent of 2.0 is the proper one for pipes smaller than those 
studied. 

As a practical matter the value of the velocity exponent within reason- 
able limits is of little importance. Figure 12 of the original Capen paper 
indicates this. In the range of normal velocities, e.g., between 2 and 6 
fps., the maximum variation in head loss under various formulas is about 
10 per cent. The greatest accuracy possible is, of course, desirable, but, 
except in unusual cases, a variation of this magnitude will have little effect. 

The tendency toward higher coefficients at low velocities with any of 
the formulas considered is shown in Capen’s Fig. 13. If coefficients ob- 
tained at very low velocities are used in predicting head losses at high 
velocities, trouble may result from inadequate capacity. From the data 
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given, it appears that the Mills formula would yield more conservative 
results in such a case. 

Except for the fact that it is generally easier to raise a number to the 
second power instead of to the 1.85 or 1.90 power, the Mills formula is no 
simpler to apply than the other exponential formulas. Tables and charts 
are available for the solution of practically all of the exponential formulas, 
and the only difference in the charts lies in small variations in the slope 
of the lines. The term H, head loss per 1,000 ft., has been used instead 
of slope as in the Williams-Hazen tables since their publication in 1905. 

Mr. Gavett’s discussion and the subsequent reply by Mr. Capen have 
brought up an entirely new subject. The writer does not have an oppor- 
tunity at the present to go into the more theoretical aspects of the matter, 
and will limit his comments to one or two general matters. 

In the normal course of affairs the water works man does not have to 
worry about the Reynolds number. As long as the velocity is fairly high 
in a pipe, the flow will be essentially turbulent, and the effect of changes 
in Reynolds number can be neglected. In Gavett’s Fig. 1, it is shown 
that a velocity of 1 fps. in a 24-inch pipe gives a Reynolds number of 
170,000; and a velocity of 2 fps. gives R = 330,000. These values are 
well beyond the transition zone between laminar and turbulent flow, and, 
except possibly in the case of very smooth pipes, a change in Reynolds 
number in this range will have little effect on the friction coefficient. — 
Furthermore, pipe sizes are usually selected for peak conditions of flow, 
with velocities of 4 fps. or more. The Reynolds number is essential for a 
proper understanding of pipe friction, but it can ordinarily be neglected 
in the practical application of pipe flow formulas. 

Mr. Capen has plotted the values of ¢ (radial dimension of roughness 
particles) against f (friction factor) in Fig. 4. Since the values of € 
were calculated from the values of f by means of Nikuradse’s formula, 
however, the points obviously must fall on the curve. The points of Fiz. 3 
can be connected by a series of straight lines, one for each diameter of _ 
pipe. These applications of field data should not be mistaken as a cor- 
roboration of Nikuradse’s formula, because the formula itself was used in 
determining one of the unknowns. 


Author’s Reply Charles H. Capen. It might easily be supposed that 
Mr. Hazen, in support of the well known formula developed by his father, 
Allen Hazen, and Gardner 8. Williams, would look askance at any effort 
to upset that long standing and universally applied equation. Suchis not — 
the case. As if further to testify to the attitude exhibited in the preceding _ 
remarks, Mr. Hazen, at a recent colloquium on flood control, commented, 
in reference to the flood frequency data published by his father, that such 
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criteria were intended largely for comparative purposes and were in no 
sense to be considered as establishing an incontestable theory. Such ad- 
missions are all too uncommon among engineers. 
The crux of the situation is the fact that Mr. Hazen points out, jn 
reference to an exponent for velocity, that it is easier to raise a number to 
the second power than to a power of 1.85 or 1.90, as required with the old 
_ exponential formulas. If, as the writer believes, the second power is more 
~ accurate as well, it should not only be used but should receive preference. 
within reasonable limitations, over any odd value. 
Comments by Hazen regarding laminar and turbulent flow and _veloej- 
ties are, of course, incontestable. The real significance of the Reynolds 
number is its value in predicting flows in large pipes by experiments on 
small ones. Gavett has rendered a real service in pointing out this sig- 
nificance in a way that is far more understandable than most literature on 
the subject. The writer has merely supplemented this information with 
a view toward giving, within one discussion, as brief a digest of the subject 
‘as may be considered within the reasonable scope of inquiry of any water 
works man who may have a desire to acquaint himself with the funda- 
mental formulas and reasoning involved. 

The writer owes Mr. Hazen an apology in not submitting to him the 
final curve for Fig. 3, showing the relation of « and f. The curve which 
accompanies this discussion shows clearly that his comments regarding the 
fact that a straight line can be drawn for each diameter of pipe are well 
taken. The curve actually drawn was intended to represent merely a 
conglomerate median that would approximately illustrate the average con- 


ditions in large pipes of between 4 and 6 ft. in diameter. 

The real test of the writer’s statement regarding the validity of the 
Nikuradse formula is the fact that € (radial dimension of roughness par- 
ticles) was calculated to equal 0.7 for certain tests on the Pequannock 
pipes. The writer actually crawled through these pipes immediately fol- 
lowing some of the tests and prior to the cleaning and relining, and reported 
that tubercles “up to perhaps 14 in. in diameter, and frequently 1 in. in 
height, existed in large quantities.”” If the mean of diameter and height 
of the tubercles is taken to be 1.25 in., the figure of « & 2, or 1.4 in., for 
diameter, as obtained by solving the Nikuradse formula, is sufficiently 
close, at least for comparative purposes, to render, for perhaps the first 
time, a practical substantiation of that theory. This comparison has been 
made possible by the excellent presentation of the subject by Mr. Gavett, 
whose comments, together with those of Professor Hedberg and Mr. 
Hazen, are greatly appreciated. 

In closing this discussion, the writer would like to reaffirm his belief in 
the original Mills formula and his belief that the modified form, as pre- 
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sented, will solve problems of flow in large pipe as accurately as any other 
method. All data available tend to prove that such is the case; and 
unless and until someone presents evidence to the contrary, the writer will 


= 


continue to hold to this belief. a 
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Water Main Extension Policies in Wisconsin 
By P. A. Reynolds 4 


N GENERAL, the growth of a water system and the expenditures re- 

quired parallel the growth of the community served. The first essential 
of a smoothly functioning policy of main extension construction to take 
care of this growth is the formulation of a comprehensive policy covering 
the requirements for both the near and the more distant future for both 
urban and suburban districts. 

Most water main extensions involve supplying two major Classes of 
service—fire protection and general. In a few cases the extension must 
also provide for resale service, but since this is relatively infrequent only 
the two major classes will be considered in this paper. 

It has been fairly well established in Wisconsin that the cost of extending 
mains upon which fire hydrants are placed should be apportioned between 
fire and general service. Detailed investigations have indicated that from 
10 to 70 per cent of the cost of mains has been assigned to fire protection 
service. 

Many attempts have been made to work out an extension policy that 
will be non-discriminatory. The lack of a definite, adequate and reason- 
able policy in some municipal utilities in Wisconsin has caused not only 
the utilities and the property owners desiring service, but the Public 
Service Commission as well, a great deal of trouble in ironing out specifie 
requests for service. 

A property owner anywhere within the corporate limits of a munici- 
pality should be able to get water service. As a general proposition, how- 
ever, there are several main extension policies which can be followed and 
some of them, experience shows, are inequitable in specific instances. — For 
this reason it is desirable that a utility have a combination rule or rules to 
take care of every contingency. Experience has indicated that some of 
the larger, but more of the smaller, municipal water utilities still persist in 
trying to operate without immediate, reliable and adequate rules. This 

A paper presented on October 7, 1941, at the Wisconsin Section Meeting, Ra- 
cine, Wis., by P. A. Reynolds, Rate Analyst, Public Service Com., Madison, Wis 
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discussion, therefore, will relate to policies of extending distribution mains 
only, rather than attempting to cover the problem as it relates to trans- 
mission and feeder mains. 


Extension Financing Policies 


Extension policies are based upon different methods of financing the 
cost of extensions, as follows: 

1, Special assessments on property abutting on the mains. 

2. Utility investment through direct appropriations from the city general 
fund or through appropriations of utility surplus earnings and assets, off- 
setting the depreciation reserve. 

3. Utility financing the equivalent of average customer density footage, 
the customer paying the balance. 

4, Customer financing the entire cost. 

5. Utility advancing funds to be reimbursed by revenues from the ex- 
tension, which are to be used exclusively to pay off the indebtedness in- 
curred. 

6. Governmental grant, with either the utility or the customer contribut- 
ing a part of the cost. 

The assessing of property for benefits and damages attained from water 
main installation costs has been followed in a great many Wisconsin cities 
in the past, and its application is fairly well known. In a modification of 
the applicable law (Laws of 1937 (Wis.), Ch. 319, Sec. 66.06 (10) (d)), 
however, the following statement was made: 

“Where in any municipality water mains have been installed or extended 
and the cost thereof has been in some instances assessed against the abut- 
ting owners and in other instances paid by the municipality or any utility 
therein, notwithstanding the provisions of Sec. 62.19 it may be provided 
by the governing body of such municipality that all persons who paid any 
such assessment against any lot or parcel of land may be reimbursed the 
amount of such assessment regardless of when such assessment was made 
or paid. 

“Such reimbursement may be made from such funds or earnings of said 
municipal utility or from such funds of the municipality as the governing 
body may determine.” 

The question has been raised informally several times as to whether or 
not two different methods of financing the laying of water mains could be 
used for thickly and thinly populated areas of a city. The legal staff of 
the Public Service Commission has indicated that Sec. 62.19, Statutes, 
applies to all cities, but that the provisions thereof are modified to a certain 
extent by Sec. 62.195 with respect to cities of the second, third, or fourth 
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classes. In any of these last three classes the “Common Council” may, by | ma 


ordinance, provide that the cost of installing, constructing or laying water for 
mains “shall be charged in whole or in part to the property benefited the 
thereby, and to make an assessment against such property in such manner ext 
as such council or village board may determine.”’ fac 

It appears that this clearly contemplates a provision for the exercise of ext 
reasonable discretion on the part of the “Common Council” with respect att 
to how much of an assessment shall be made against abutting property, in 
It does not appear that the provisions of the two sections of the statutes en 


just referred to are in any way modified by the provisions of the amendment 
cited above. The provisions of that chapter apply and were intended to 
apply to inequities which have occurred in the past and were not intended 


to constitute or provide any rule respecting the defrayment of the cost of he 
laying water mains by abutting property owners. mc 


In view of the foregoing considerations, it appears that an ordinance 
providing for an assessment of a particular part of the cost of laying water 
mains in thickly populated areas and for a different part of the cost of laying 
such mains in thinly populated areas would be valid provided that the fin 
provisions of such ordinance were not in themselves so unreasonable as to | 


be set aside by the commission or the courts. In other words, it is believed eit 
to be lawful to provide different provisions for different areas to be served, me 
but the difference itself must be such as to remain within the bounds of 
reason. rec 
During the past few years many cities and villages have made main fre 
extensions, the greater portion of the labor cost of which has been carried lai 
through government grant. The labor cost per foot of 6-in. main has 
varied widely. Several cases were noted, where, under practically similar of 
physical conditions, this cost varied from $0.55 to $1.64 per foot. If the co 
55-cent average appeared reasonable for labor cost on a contract basis, su 
then the excess cost per foot, due to the character of the employment, sp 
should not be set up on the utility books. In the event that it was charged an 
to fixed capital, the utility would have to continue to depreciate this excess 
investment and accrue taxes thereon, distorting normal operation. —_ no 
th 
Effect of the National Defense Program ay 
ee is obvious that the national emergency has affected and will continue mi 
to affect the extension of water mains because of shortages in cast-iron pipe, 
valves and fittings. Many projects may turn out to be extensions into to 
territory which will be needed only temporarily for workers or operations ad 
of defense industries. > 
In the public interest there can be no moratorium on the responsibilities = 
of either the utilities or of the Public Service Commission to promote he 
Wi 


extension of mains under as favorable and reasonable terms as conditions 
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may warrant. It would seem clear that investments in main extensions 
for emergency undertakings may have to be handled somewhat differently 
than would be the case under normal conditions. Possibly some of these 
extensions may have a useful life limited to the emergency period and this 
fact may necessitate a higher rate of depreciation than on normal main 
extensions. The public interest, it would seem, would not justify any 
attempt to depreciate completely, during the emergency, the investment 
in such facilities which will have a continuing use after the emergency is 


ended. 


Wisconsin Ordinances and Rules 


From the files of the commission several main extension policies have 
been noted specifically and abstracts or briefs prepared to illustrate one or 


more of the bases enumerated above. ae (lt 


Special Assessment and Customer Financing 

The first plan outlines a combination of special assessment and customer 
financing, covering policies 1 and 4 as listed above. 

“Extensions of water mains forming a part of, and connected with, the 
city-owned water works will be laid as heretofore under the special assess- 
ment statute or under a customer financing plan as set forth below: 

“Where mains are required to be laid ahead of paving due to municipal 
requirements or upon petition of a majority of the owners of the taxable 
frontage on any street contiguous to a street on which water main is already 
laid, the Board will proceed . . . as follows: 

“The Board shall assess against the several lots, parts of lots, or parcels 
of land which front upon the proposed line of water main, or which may be 
contiguous to and used in connection with any such lot or parcel of land, 
such sum as the Board shall determine such lot or parcel of land will be 
specially benefited thereby, not exceeding one-half of the cost of furnishing 
and laying a water main of not more than six inches. 

“When the signatures of a sufficient number of the property owners can- 
not be secured to further the extension of mains by special assessment, 
then such extension will be made by the city only if the applicant or 
applicants for the water main extension will advance to the city the esti- 
mated cost of the extension. 

“Each additional customer connected with the extension will be required 
to advance to the city a connection charge which will be so determined or 
adjusted with the connection of each new consumer or group of consumers 
as to reflect the average investment which each has in the extension, to the 
end that at all times prior to final refund, all consumers on the extension 
have a like sum advanced. In other words, the new customer connecting 
nvestment in the exten- 
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sion before the new customer is added, which connection charge will be 
refunded pro rata to all customers on the extension, including the new 
customer.” 


Special Assessment and Governmental Grant 


The second plan, which follows, was intended to take care of government 
aid projects, principally in a community where mains had been extended 
originally by assessing abutting property. This is a combination of 
policies 1 and 6. 

Main Extensions Without Governmental Aid: Water mains will be ex- 
tended to supply service to new customers in accordance with the provisions 
of the special assessment statutes. Owners of abutting property, however, 
will be assessed the cost of laying the main, as distinct and separate from 
the cost of pipe and materials which will be borne by the utility. 

Main Extensions With Governmental Aid: ‘‘In cases where mains are 
constructed with governmental aid, the assessment procedure shall be 
waived and in lieu thereof each new customer who shall henceforth connect 
to such main shall be charged as a condition of service a connection charge 
equivalent to 40 cents per foot of such main abutting the property owned 
by such new customer. 

“A customer who already receives service by means of a privately con- 
structed service connection to existing mains, shall be charged, as a condi- 
tion of connection to a main financed with government aid, a connection 
charge equivalent to 20 cents per foot of such main abutting the property 
owned by such customer*. 

“Tn determining the connection charge corner lots shall be given the same 
consideration as is given under the assessment basis followed in regular 
main extensions. 

““A new customer whose property does not abut the main, who can be 
served by a long service line, shall be charged, as a condition of service, a 
connection or tap charge of $17.50, which shall be credited towards any 
assessment or connection charge subsequently determined in the event a 
main is constructed that abuts property owned by such customer.” 

Sections | and 2 of the group of extension rules presented below have 

been used by many small village- and city-owned water utilities after the 


*The charges corresponding to the 40 and 20 cents cited here should be deter- 
mined from the average amount which has been. paid by the customers under the 
arrangement followed in the past. There should be some reasonable relationship 
to the average material cost per foot. 
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original installation has been in service for many years. These two sec- 
tions, together with the optional section have been in use in a city of 
60,000 population for about seventeen years with very satisfactory results. 

1. Extension of Small Water Mains in Outlying Districts Other Than for 
Fire Protection Service (Size of Pipe Not Less Than 2 In.): “The utility will 
extend and finance water mains not to exceed 100 ft. for each customer 
along the line of such extension, mezsurement beginning at the line of the 
cross street. Where the extension desired is in excess of 100 ft. per cus- 
tomer, then such extension will be made by the utility after the applicant 
or applicants for the water main extension have advanced to the utility 
the cost of such extension in excess of the free limit. The size and kind 
of materials will be specified by the utility. 

“When new consumers are connected to a water main that was paid for 
in part by customers the utility will refund to the party or parties making 
the advance, not including the new customer, the cost of a 100-ft. front 
extension for each customer. The new customer connecting, however, 
shall pay a connection charge equal to the average investment in the ex- 
tension before the new customer is added, but after the adjustment due to 
the refund by the utility because of new connection, which connection 
charge will be refunded pro rata to all customers on the extension, including 
the new customer.” 

2. Extension of 4- or 6-In. Water Main Where Fire Protection Service ts 
Supplicd: “The utility will extend and finance water mains 4 in. in size or 
larger under the same conditions as pertain to small sizes, except that the 
free limit shall not exceed 50 ft. per customer. 

“The cost of extensions of mains 4 in. in diameter or larger on which fire 
hydrants are placed will be apportioned between the two classes of service 
supplied, namely, fire protection service and general service to consumers 
on the basis of 50 per cent to each, to the end that in such cases the ad- 
vancement or the guaranty, whichever plan is followed, will be required 
only as to 50 per cent of the excess of cost after allowing the free limit for 
each consumer.”’ 

3. Optional Extension Rule Applicable to All Sizes of Pipe: “The applicant 
or applicants for water service will subscribe and file with the city on the 
city’s form a written guaranty to pay annually, in addition to the proper 
and lawful charges for water used, the applicant’s share of the sum of six 
dollars ($6.00) for each one hundred dollars ($100.00) of water main ex- 
tension cost in excess of the free limit credit for each consumer, prorated to 
each on the basis of the number of consumers connected, or presently to 
connect, with the extension. All sums owing to the city under such 
guaranty and overdue are declared to be delinquent charges for water con- 
sumption for all the purposes of the Wisconsin Statutes, including the lien 
rights against the realty and the guaranty shall so recite. The city will 
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readjust the pro rata share of each consumer connecting with an extension 

as additional new consumers connect therewith so that each will continye 
to have the same charge until such time as there is a consumer for each free 
limit credit, when all the guaranties will lapse.” 


Extensions Outside Corporate Limits 


Rules covering main extensions outside the corporate limits of a city 

: owning its water utility usually require that the entire cost be financed by 

the property owners or other parties interested in getting the service. The 
following rules have been made effective for this purpose. 

“Water service will be furnished to applicants living outside the city 
limits only when such service can be furnished without adversely affecting 
the service inside of the city, and the Board of Water Commissioners must 
approve the application before service will be given. 

“Water mains laid outside the city limits shall be under the supervision 
and specifications of the waver department. 

“Tf such main is laid at the instigation of the water department and 
principally for its own use As a transmission main, property Owners abut- 
ting on such main who desire service shall pay an assessment determined 
in accordance with the provisions of Section 62.19, Wisconsin Statutes. 
That is, this special main assessment shall be such sum as the Board shall 
determine each lot or parcel of land will be specially benefited by the 
installation, not exceeding one-half of the cost of furnishing and laying a 
water main of not more than 6 in. 

“Tf a water main 6 in. in size, Gr smaller, is laid or extended at the request 
of a property owner, or owners, and is not a transmission or feeder main, 
it will be considered a private main sind the entire cost of installation shall 
be borne by the property owner, or owners, desiring the service. 

“When new customers desire connection to a so-called private water 
main, the new customer shall make a contribution and refunds shall be 
made to existing customers so that the contributions of all will be equalized. 
The water department will keep a separate record of each individual 
private water main extension. 

“Where a further extension of a private main is desired, the estimated 
cost of the new extension will be advanced to the water department by the 
new customer to be benefited (adjustments to be made with each customer 
when the exact cost is determined). The customer, or customers, shall 
also be assessed, in addition to the cost of the special construction require- 
ment to serve them, one connection charge equal to the average investment 
in the main extension to which this new main is attached. This latter 
connection charge will be refunded by the water department as provided in 
the paragraph immediately preceding this. 
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“The applicant agrees that if, and when, the property, or any part 
thereof, so supplied becomes a part of the city the ownership of the water 
main laying within the property so affected shall technically pass to the 
city as a water utility without any compensation except that, if the main 
benefits property which has not previously borne a portion of the cost, this 
property shall be assessed and the proceeds therefrom shall be refunded to 
the other property owners pro rata as provided above.” 


Utility-Financed Extensions 


There has been no discussion of the financing of extension through funds 
raised by the issuance of mortgage bonds on the utility, or from general fund 
advances as noted in extension policy 2 as listed. Such extensions do not 
ysually create the problem a customer-financed one does. The fixed cap- 
ital on which the utility may earn a return is increased on a utility-financed 
extension. Although the investment on main extensions which have been 
financed entirely, or in part, by contributions, is added to the fixed capital 
account, in Wisconsin it is offset by an account “Contributions in Aid of 
Construction” for the part assessed to property owners or contributed by 
Federal authorities. These assessments and contributions are deducted 
in determining a rate base. 

Since 1931 when the public utilities law was modified, the Public Service 
Commission has original and concurrent jurisdiction with municipalities to 
require extension of mains. This revision removed the limitation on the 
power of the commission to act on its own motion to require extensions. 

By its general order of October 19, 1933 (docket 2-U-637) the Public 
Service Commission proposed to secure information respecting proposed 
construction as materially affected the public interest. Rule Ila relating 
to “Transmission and Distribution Mains”’ states: 

“Any installation, construction, replacement, extension, or acquisition 
of mains in any municipality, in which said utility is legally operating as 
the only water utility therein, which is estimated to involve gross property 
additions in excess of 25 per cent of the existing investment in the corre- 
sponding class of plant in the same municipality, or in excess of $10,000, 
whichever is the smaller, provided that advice need not be given of any 
project of less than $500.” 

Prior to the enactment of the above rule many instances had been noted 
where extensions involving several thousand dollars were required to be 
made at the expense of local utility commissioners due to pressure brought 
by city councils, one of whose members, for possible political reasons, fos- 
tered the proposition. The possibility of forcing water utilities into costly 

extensions from which little revenue will accrue is lessened under the above 
general order. 
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Private Utility Extensions 


As an example of the extension rules of privately owned water utilities, 
the principal sections of the rules and regulations governing the extensions 
to water distribution systems in Beloit and Ripon, Wis., are given below. 
It will be noted that, in general, the provisions follow those noted in the 
previous discussion. Section 9, which provides for the co-operation of 
the private company and the city, is the result of a legislative enactment 
making such mutual interests compatible. 


Quotations From Beloit and Ripon Rules 
SecTION 2. “Free Lemit’’ Defined 

The “Free Limit” is either “A” or “B,”’ whichever is the greater: 

A. The utility will, upon written application, extend its water distribu- 
tion system to serve a new customer or group of customers providing the 
extension does not require more than 50 ft. of main per customer. 

Bb. Should an extension require construction in excess of 50 ft. of main 
per customer, the utility will make the extension without cost to the cus- 
tomer or group of customers making application for service provided the 
utility’s estimated cost of a similar extension of sufficient capacity to serve 
the applicant or applicants is not greater than four times the utility’s 
estimate of the annual revenues to be derived from the actual extension. 
Only that portion of the fire protection charge as is derived from the charge 
of eight cents (8¢) per linear foot of main will be included in the estimate 
of revenues. (The size of main used in determining the costs herein men- 
tioned shall not be of a less diameter than the minimum-sized main adopted 
as standard for the particular municipality in which the extension is made.) 

The utility will base its estimates of construction costs and annual 
revenues upon its experiences with similar installations. 
SECTION 3. Extensions Requiring Deposits by Customers 


A. Should a normal extension require construction in excess of the “free 
limit,’’ as defined in Rule 2 above, the utility will make the extension, 
provided the customer or group of customers to be served or the munici- 
pality, will deposit with the utility in advance an amount equal to the 
excess of the estimated cost of the extension over the free limit. When 
the free limit is determined on the basis of 50 ft. of main per customer, the 
free limit shall be priced at the average cost per foot for the extension. 

B. In the event the actual cost of the extension is less than the estimated 
cost, the utility will refund to the party or parties making the deposit, the 
amount by which the estimated cost exceeds the actual cost. In no event, 
however, will the refund exceed the amount deposited as provided for in 
paragraph 3-A. 
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A customer making a deposit under these rules is not exempt from the 
application of the utility’s standard rule requiring a deposit to insure 
prompt payment of monthly bills for service rendered. 


Section 4. Construction Costs (Estimated and Actual) 


The utility’s estimates of the cost of an extension will include right-of- 
way costs and all items of materials and labor, including any extraordinary 
costs occasioned by opening pavements, rock digging and frost—-together 
with allowances thereon for engineering and general office expense—per- 
taining to the purchase, storage, delivery, and installation of all equipment 
(excepting a standard meter and a part of the service pipe, as otherwise 
provided for in Rule 1) necessary to extend adequate service to the cus- 
tomer or customers to be served from the extension; excepting that the 
costs so determined will not include any costs incurred by the utility in 
rebuilding or reinforcing any facilities existing at the time when applica- 
tions for service were made by the customer or group of customers requiring 
the extension; neither shall the costs billed to the customer or group of 
customers desiring service, include any charges occasioned by the installa- 
tion of a water main larger than what would be necessary to meet the 
customer’s or customers’ estimated normal requirements, but in no case 
will computations of costs be based on a main of less diameter than the 
minimum-sized main adopted as standard (see paragraph 2-B). 


Section 5. Extraordinary Investment by Utility ~ 


In all cases where, in the opinion of the utility, its investment in an ex- 
tension appears extraordinary or unusual, and where extensive rebuilding 
or repairing of any facilities is necessary to accommodate the customer 
or group of customers making application for service, the right is reserved 
to require the customer or group of customers to be served from the exten- 
sion to execute a contract for a definite period of service, and otherwise to 


protect the utility against possible losses. =o #4 


‘ 
Section 6. Refunds—Additional Customers 


An additional customer on an extension is defined as a customer to whom 
service can be extended under the ‘‘free limit,’ or at a lesser contribution 
per customer than is then outstanding on the existing extension. 

In all cases where the costs of taking on a new customer or group of 
customers exceeds the construction costs per customer for the existing 
extension, the construction necessary to serve the new customer or group 
of customers will be considered as a new extension. 

Should an additional customer or additional customers (as defined above) 
be added within twenty years to an extension for which there are then out- 
standing contributions, the contributions of all customers on the extension 
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shall be recomputed, to determine the contribution to be required of the 
additional customers, and the refund to the existing customers, in such 
manner as to equalize all contributions for the extension, past and present. 
In estimating a fair share of the cost of the entire extension which the 


additional customer or customers should assume, the utility will give 
consideration to classes of service involved, relative consumptions of 
customers, locations of customers with reference to the original distribution 
lines and any other facts deemed pertinent. 

In the event the parties to whom refunds may be due have contributed 
different amounts toward the construction costs of an extension, refunds 
will be made to the parties in proportion to the amounts deposited by them 
when the extension was promoted. 

No refund of a contribution received for an extension will be made after 
twenty vears from the date service was first established on that extension, 
and in no case will the total refund to a customer exceed the amount con- 
tributed by him. 


Section 7. Title 

The title to every extension of mains is at all times with the utility. 
The utility reserves the right at all times to add additional customers to an 
extension, and to make new extensions to an existing extension, under the 
provisions of these rules without procuring the consent of any party or 
parties contributing to the original construction costs, and without incur- 
ring any liability for refunding on deposits, except as additional customers 
may be added as provided for herein. 


SecTION 8. Construction Standards 

All construction in water extensions will conform with the utility’s 
standards of construction, and with the requirements of the Government 


SecTION 9. Extensions on Order of the C 


Should an extension requiring deposits, as provided in paragraph num- 
bered three of these rules, be ordered laid by the Common Council of the 
municipality, pursuant to a contract providing for laying of mains on order 
of the Common Council under Section 62.19 of the Wisconsin Statutes for 
1939, and should the cost of such extension above four times the average 
annual revenue estimated by the utility be paid by the municipality out of 
special assessments or otherwise, then the refunds provided in paragraph 
numbered six of these rules shall be made to the municipality by the utility, 
and in case such special assessments have been levied, the refunds due the 
owners of property assessed become the obligation of the municipality. 
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Methods of Financing Water Main Ex 
California 


By Morris S. Jones 


N ESTABLISHING a financial policy for a municipally owned water 
| utility, one of the important considerations is the method of financing 
water main extensions. To indicate some of the general practices in pro- 
viding for such extensions, the author proposes, in this paper, to discuss 
the extension policies of the larger California cities, in which the great 
increases in population during the past twenty years have necessitated 
large expenditures for expanding and enlarging water systems. 

The largest increases in population have occurred in the Southern Cali- 
fornia cities. In the twenty years between 1920 and 1940 Los Angeles 
gained a million new inhabitants and San Diego’s population increased 
from 74,000 to over 200,000. As to how great the increases have been 
since 1940, because of the defense work centered there, even their own 
chambers of commerce will not hazard a guess. Other Southern California 
cities, such as Long Beach and Glendale, have tripled or more than tripled 
their population in this same period; and cities in the northern and central 
part of the state have had healthy growth, though not comparable with 
that of the southern cities. 

Information as to the procedure in financing water main extensions was 
collected from sixteen cities and two municipal water districts. The replies 
received indicate considerable variation in the plan used, but, in general, 
the methods can be placed under three classifications: 

1. Extensions paid for out of revenue by the city or district. 

2. Extensions financed temporarily by deposit from applicant, which is 
later refunded. 

3. Extensions paid for by owners of property benefited. 


Included in the first group, where no payment is required from the 
property owners for main extensions, are the cities of Anaheim, Sacra- 
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‘mento and Fresno. In Anaheim, the need for extension is first determined 
_by the City Council and an appropriation for the cost of the new improve. | yil 
ment is made from the general fund. The Water Department is then 


has 
authorized to proceed with the construction. tiol 
In Sacramento, within the city limits, there is no direct charge against | 


the owners of the property benefited. The 4-, 6- and 8-in. distribution dey 
mains are financed directly from Water Department revenues. Where | tio) 


larger mains are required, the construction cost is financed by the sale of | alo 
bonds. Interest and redemption of such bonds are paid from department Wl 
revenues and not from taxation. In extending service to a new subdivision ser 
outside city limits, a contract is made with the owner of the land who nor- | of: 
mally advances the monies for the mains laid to and through the subdivyj- dey 
sion. The subdivider is reimbursed as each new consumer is connected | are 
to the new main. It is possible for him to recover 100 per cent of his $ 
deposit provided the subdivision is completely built up within ten years, pro 

Fresno operates on a similar policy. In general, extensions of water | wh 
mains are made without charge to supply property within the city limits, the 
All such extensions are made from water revenues. In cases where the the 
estimated immediate revenue from an extension does not seem to warrant ‘ 
the expenditure, however, the applicant is required to deposit with the city cor 
the cost of the main, less the cost of the first 100 ft. thereof. Refunds are | ext 
made on the basis of $100 for each new service attached to the new main, net 
In the area served outside the city, the owner is required to deposit the wh 
full cost of the extension. The deposit is then returned on the basis of less 
$75 for each house or store building connected to the main and occupied, dey 
payable one-third within 30 days after the date of connection, one-third ref 
after one year, and the balance within two years. wit 


Financing by Applicant’s Deposit 


Under the second classification are grouped the cities that finance main tiol 
extensions from water revenues, but demand that the applicant deposit one 
the full cost of the installation or guarantee sufficient new business to the pre 
department to warrant the capital investment. Deposits are refunded wit 
within a term of years, depending upon the number of consumers con- , 
nected to the new main, or the annual revenue produced, Such procedure Be 
is in effect in San Francisco, Long Beach, San Bernardino, Riverside, Santa reg 
Barbara and the East Bay and Marin County Municipal Utility Districts. eff 

In San Francisco, the water department will extend its mains without ext 
charge a distance of 150 ft., exclusive of street crossings, or more than that tio 
distance if the cost of installation does not exceed four times the estimated foo 
annual revenue. When the cost of the extension exceeds that amount, a wh 
deposit equal to the difference between the cost of the new installation wh 
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and four times the estimated annual revenue is required. The department 
will thereafter refund to the applicant, until the amount of the deposit 
has been refunded, four times the annual revenues collected from addi- 
tional permanent consumers connected to the new main. 

In Long Beach extensions are made within the city upon the basis of $1 
deposit for each linear foot of main, plus $20 per lot for the service connec- 
tion. No deposit is required if immediate construction is contemplated 
along three-fourths of the frontage that will be supplied by the new main. 
Wherever deposits are required, refunds are made for each new permanent 
service connection on the basis of the total deposit divided by three-fourths 
of the number of lots that can be served. In the area outside the city, a 
deposit equal to the actual cost of main and services is required. Refunds 
are made on the same basis as within the city. 

San Bernardino will extend a main 600 ft. without cost to the owner, 
provided there is a possibility of securing five new active consumers. 
Where there are less than this number of consumers, a deposit based upon 
the total cost of the main is required. All of the deposit is returned when 
the requirement of five consumers to each 600 ft. of main is met. 

The Light and Water Department of the city of Riverside is under the 
control of a Board of Public Utilities. It is the practice of this city to 
extend water mains without charge up to a distance of 100 ft., to reach a 
new permanent consumer. Extensions longer than 100 ft. require a deposit 
which is generally based upon the installation cost of a 4-in. cast-iron main, 
less the cost of the 100 ft. of free main. This rule applies even though the 
department may install a larger main to provide for future extensions. A 
refund of $50 is made for every new consumer attached to the new main 
within the first five-year period. 

Santa Barbara requires the owners of property applying for an extension 
of a water main to deposit an amount equal to the total cost of the installa- 
tion. Refunds are made quarterly to the applicant in amounts equal to 
one-half the total water revenue received from the extension during the 
preceding three months. If the total amount of the deposit is not returned 
within ten years, the balance becomes the property of the city. 

The East Bay Municipal Utility District furnishes water to Oakland, 
Berkeley, Alameda, Richmond, and other smaller communities. New 
regulations governing the procedure for extending water mains became 
effective September 1, 1941, providing that the district will make main 
extensions following payment by the applicant of the cost of the installa- 
tion at specified unit prices. These costs range from $1.25 to $2.50 per 
foot depending upon the length of main and the type of pavement under 
which it is laid. A eredit of $100 is allowed for each service applied for 
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nected to the new extension, further refunds of $100 each are allowed. If 
the total revenue received from any service, other than those upon which 
advanced credit is allowed, exceeds $100 during the first four-year period, 
the amount over $100 is paid to the applicant as an additional refund. 

Main extensions for industrial service which require pipes 8 in. or over 
in diameter are installed upon payment of the estimated cost of the 
installation, less an allowance of $150 for each bona fide service contracted 
for. Refunds are based upon the total revenue received from a service 
during the first four-year period after installation. Any balance of the 
original deposit, remaining after ten years from the date of the original 
extension contract, becomes the property of the district. 

The Marin Municipal Water District requires a deposit of the estimated 
cost of the extension before the work is started. Refunds are made on 
the basis of one-half the revenue accruing from services attached to the 
new main, until the entire deposit is returned. No refunds are made 
after ten years from date of contract. 


Financing by Owner Benefited 


Under the third method of financing main extensions a part or all of the 
cost of installation is paid by the owners of the property benefited. Main 
installations are made under assessment proceedings or by contract between 
the owners and the city. Municipalities which have adopted this pro- 
cedure in financing extensions are all located in the southern part of the 
state, and include Los Angeles, Glendale, Burbank, San Diego, Pasadena, 
South Pasadena, Alhambra and Santa Monica. 

The procedure followed in Los Angeles was very fully described by 
E. F. Dandridge of the Bureau of Water Works & Supply (Jour. A.W.W.A. 
33: 219). Briefly, the regulations governing water service extensions in 
Los Angeles are: 

Extensions of less than 200 ft. from an existing main are made upon 
payment of 80 cents per front foot of property to be served. The length 
of pipe used in crossing streets or alleys is not included in the measurement 
of the extensions. For extensions of more than 200 ft., the city requires 
the owner to deposit an amount equal to $1.60 per linear foot of main, 
This deposit minus 80 cents per foot of the property frontage requiring 
service will be refunded to the payer when street frontage charges are 
collected by the Bureau from other persons requiring service from the 
extension. Should the Chief Engineer and General Manager determine 
that the sale of water from the extension will yield an annual income 
equal to 12} per cent of the total investment of installing such extension 
in excess of 200 ft., the additional amount is not charged to the person 
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making the original application, but is collected from the owners of other 
property along the new main at the time water service is requested. 

The Los Angeles water bureau requires the payment of $1.60 per linear 
foot of main for piping new subdivisions plus the charge of service laterals 
and fire hydrant connections. No refund is made to the subdivider. 
Mains are installed in industrial tracts on a cost basis. In addition to 
charges for main extensions, as above outlined, the bureau requires that 
all owners of property fronting on streets within the city, in which water 
mains have been laid since August 30, 1931, and who have not heretofore 
paid a frontage charge, pay 80 cents per front foot, in addition to the 
regular service charge before water service will be rendered. 

Glendale requires that the full cost of any main extensions be deposited 
with the Publie Service Department before main installations are made. 
The deposit is based upon the cost of the complete installation from the 
ends of the existing water main across the entire frontage of the applicant. 
A refund of that portion of the cost of the main benefiting property other 
than that owned by the applicant is made when the main charge is col- 
lected from the other property owners. A retroactive frontage charge of 
$1 per front foot is also made against all property fronting on a main laid 
by the city whenever water service is requested, provided such charge has 
not been previously collected. 

Burbank requires that the applicant for a water main extension deposit 
with the Public Service Department an amount equal to 87 cents per front 
foot for each side of the street in which the extension is to be laid. Where 
the applicant does not own all the property benefited by the extension, 
he receives a refund when the main charge is collected. Under this plan 
the 7 cents per foot is set aside in a special fund from which is paid the 
installation of fire hydrants. The remaining 80 cents is used to defray, 
insofar as it can, the cost of the water main extension. The distance run 
in crossing streets, alleys, or along the sides of lots is not included in com- 
puting the charge to the property owner. 

The five cities, San Diego, Pasadena, South Pasadena, Alhambra, and 
Santa Monica follow the same general procedure in regard to extensions. 
Property owners are charged the total cost of the extension where the 
mains laid are not larger than 6 in. in diameter. If larger mains are 
required, it is the general policy to pay from water revenue the difference 
between the cost of the 6-in. pipe and the larger main. In some cases, 
the cost of a 6-in. cast-iron main is included in the proceedings for a street 
improvement, and the cost charged to the property owners along with the 

other improvement costs. Most of the water main extensions, however, 
are made by contract with the owner. 
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Alhambra assesses the street frontage for all main replacements at the 
rate of $1 per foot and allows the property owner to pay the charge in 
monthly payments over a two-year period. San Diego makes a charge for 
replacements where the old main size is less than 4 in. in diameter. Pasa- 
dena and South Pasadena replace old mains, irrespective of size without 
charge to the property owner. 


Summary 


~ Summarizing the various methods used in financing water main exten- 
sions then, it is found that three cities make extensions from water revenues 
without charge to the property owners; seven also make extensions from 
water revenues, but require a deposit to guarantee that sufficient revenue 
will accrue from the new main to justify the investment; and eight cities 
find it expedient to charge all or the greater part of the cost of water main 
extensions to the property benefited. Opinions differ as to which plan 
is the most equitable to the consumer. If extensions are financed from 
revenue, the water rates must be maintained sufficiently high to provide 
funds for these extensions. In other words, present consumers pay higher 
rates for water in order to finance a capital investment to serve future 
consumers. As a matter of fact, the amount of capital ordinarily expended 
each year for main extensions by the cities which follow this policy is not 
large enough to affect the rate base materially. Where a large expansion 
program has been carried on, several municipalities have financed the 
expenditures from bond issues which were later retired from department 
revenues. A deposit should be required, as it guards against the making 
of an unprofitable investment and prevents application from property 
owners for main extensions that are not actually needed. 

The front footage charge or direct assessment method is the procedure 
followed in the Southern California cities that have had the largest expan- 
sion programs. This method allows for immediate financing of any needed 
extensions without drawing on the utility’s cash reserves or necessitating 
a bond issue. The chief argument in favor of the direct assessment method 
is that any improvement, which is a local benefit only, should be paid for 
by the property benefited. This is the general practice in most cities in 
financing construction of sewers, street paving, and similar improvements. 

In conclusion, it may be pointed out that of all the cities contacted, not 
one believed it was necessary to change its present policy in financing exten- 
sions. In a few cases, consideration was being given to raise the amount 
of the deposit or the direct charge to the property owner more nearly to 
equal present day prices. In every city listed, its present policy for 
financing water main extensions has been in effect for many years and 
appears to be satisfactory to both the utility and consumers. 
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Problems and Limitations in the Installation of Water 
Main Extensions to Suburban Areas 


By M. B. Whitaker 


NE of the more difficult problems confronting the water works opera- 
Q tor of today is the necessity for considering and acting upon the many 
requests for water service by real estate dealers and individual property 
owners Owning property located beyond corporate limits. Requests of 
this character have been on the increase during the last decade. 

Previous to the 1931-32 depression, the population movement was from 
the rural to the urban areas; now it is from urban to suburban areas. From 
1930 to 1940, the population of Cleveland, Rochester, N.Y., Portland, 
Me., San Francisco, and other large cities, remained practically stationary 
inside the city limits, and the adjacent areas increased in population from 
10 to 45 per cent. 

Before the advent of cheap transportation, water supplies generally 
served compact, closely built-up areas requiring a minimum of distribution 
system expense for a maximum number of customers. This condition is 
rapidly changing so that now water operators find that their cost of invest- 
ment per customer is steadily increasing from year to year. The requests 
for suburban water lines originate primarily from real estate operators 
proposing the development of new subdivisions from individual property 
owners who have built outside the city, and from local health authorities 
who are desirous of cleaning up some health menace adjacent to the city 
proper, that may be eliminated by supplying pure water. The health 
authorities feel that a case of typhoid fever just outside the city is just as 
dangerous as one within city limits. In the consideration of this type and 
character of requests for suburban water service, many factors have to be 
taken into account before the installation of the water line. Principal 
among these are capital cost, operating cost, depreciation and anticipated 
revenue. 

The municipal water supplies in Kentucky and Tennessee are not subject 
to the jurisdiction of the state utilities commission, and are generally 
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5 F: ~ handled and supervised by the local governing body. The water works 
_ operator has the responsibility of approving or disapproving any water 
‘main extension. Water works owned by private utilities must follow 
definite limitations and procedures in considering new work. This dis. 


a therefore, will deal principally with municipal supplies. 


The municipal operator generally is a local man, familiar with the trend 
of building or population shift in his community, who can analyze to 4 
reasonable degree the factors entering into a water main extension necessary 
for the applicant’s present and future needs. His judgment of course, is 
not infallible, and if he errs it is generally in favor of the water works, 

The capital cost of suburban water lines is usually borne by the applicant 
for water service. The officials of the municipalities usually act on the 
basis that such an applicant has no liability to the corporation for bonds 
issued for the purpose of building a water supply or other responsibilities 
of the citizens living within a municipal corporation. For this reason, it js 
standard practice to require that the mains be paid for by the applicant, 
and that the water rate or revenues for service through these mains be 
greater than that to the citizens within the corporation. If the suburban 
water lines installed under such conditions become an asset to the water 
works, however, refunds of the capital cost are usually made. 

Customarily refunds are made by returning a certain percentage of the 
revenue derived from these lines, or a certain fixed amount for each tap, 
until all or part of the capital cost has been returned to the party originally 
contributing it. This method insures the water works against any financial 
risk other than the increased cost of maintenance occasioned by the addi- 
tional footage installed in the distribution system. If the judgment of the 
operator is good, he will require that the main installed be large enough to 
serve the particular area for many years. 

The capital cost of the extension is only a part of the potential cost to 
the water works. Items of pumping station capacity, force mains, reser- 
voirs, and purification work must be considered, or, inevitably, the water 
works will be faced with the necessity of increasing water rates. These 
items must be investigated carefully and a definite amount of revenue 
collected for them in addition to that collected to cover the capital cost 
of installation. The operator must not lose sight of the fact that for each 
new customer an additional load is placed on the plant and supply works. 

A quick method by which the operator can determine if he is on safe 
financial ground, is to find the amount of capital investment for each 
revenue dollar in his present system and, then, to make sure that that rate 
of investment is not exceeded for new work. In this way he can ascertain 
that he will receive at least as much revenue per unit cost from the extension 

as he does from the original system. In using this method of calculation, 
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the operator must keep in mind that new extensions will probably cost more 
to maintain over a period of years, as they will be a greater distance from 
the ope rating headquarters than the present mains. 

Extension Policy at Knoxville = 


A specific instance of the procedure used in installing mains beyond the 
city limits is the policy of the Knoxville Water Bureau. For many years 
past that body has made it a practice to own and supervise all water mains 
located within the boundaries of public streets and roads, both inside and 
outside the city limits. This policy has been considered particularly wise, 
because it made possible the full control of the water distribution system 
at all times. Details of the policy for extending mains include: 

“1. Persons desiring the extension of water services to new subdivisions 
shall pay all costs thereof. The size, type and installation of the required 
water lines must meet the approval of the Board, and it is desirable that the 
lines be constructed by its forces or directly under its supervision. 

“2. Upon completion of the lines and their approval by the Board, full 
title and control thereto shall be conveyed to the Board. In consideration 
therefor, the Board will agree to operate and maintain the lines, and to 
furnish water service therefrom in accordance with the regular rules, 
regulations and rate schedules for such service as they may now exist or 
as they may be changed or modified hereafter. 

“As further consideration, the Board will repay to the party, or parties, 
advancing the cost of constructing the lines, for a period of five years (but 
no longer) from the date of completion of the lines and their acceptance by 
the Board, the following sums, the total payments not to exceed the original 
cost of the mains to which consumers are attached: 

“For each consumer attached to the lines within the above five-year 
period, and who signs a contract for water service for a minimum period 
of three years, as follows: 


For each consumer attached to 2-in. lines, the sum of....... $25.00 
4-in. steel or transite lines... 35.00 
4-in. cast-iron lines.......... 45.00 
6§-in. steel or transite lines. ... 50.00 

6§-in. cast-iron lines........ 60.00” 


As will be noted, this policy is sufficiently elastic to enslie the depart- 
ment to handle most any reasonable proposition without having to present 
the problem to the governing Electric Power and Water Board for clarifica- 
tion. The policy as laid down is a broad general policy, and if its intents 
and purposes are complied with, minor deviations that are applicable to 
the particular problem in hand are not questioned by the governing body. 
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We whe 
Accounting for Water Utilities 
~ 
Diva 2% By R. M. Sedgwick 


QO ANYONE who is not an accountant, cost accounting usually means 
7. involved accounting procedure by which the cost of a piece of 
machinery, such as an automobile, is calculated. It is true that such g 
determination of manufacturing costs is a complicated matter, but jt 
should be pointed out that the “‘cost accounting,” if such it may be called, 
applicable to water utilities is a very simple matter. For the most part, 
water works cost reports call for little more in the way of basic information 
than a running record of units of work performed within a given time, and 
some assembly of costs shown by records covering expenditures. After 
these have been obtained, unit costs are merely simple division. 

Any series of cost reports, even though it may be simple, does provide 
data for the control, by management, of business operations. An intelli- 
gent interpretation of cost reports which are adequate and timely will 
disclose the efficiency with which resources are employed, and will fix 
the responsibility for inefficiencies. That such cost reports are not more 
extensively used in the water utility field is probably due to two reasons: 
(1) the lack of uniformity in general accounting, which precludes compari- 
sons between utilities; and (2) some lack of understanding regarding the 
conclusions which may be drawn from cost reports as well as of the sim- 
plicity of the reports and the ease with which the basic data from which 
they are prepared may be obtained. 

Privately owned water utilities in California, all of which are subject to 
regulation by the State Railroad Commission must follow a code of ae- 
counts promulgated by the commission. Although several attempts have 
been made to bring municipally owned water and other utilities under the 
jurisdiction of this commission, all such efforts to date have been un- 
successful. In most cases, publicly owned utilities do endeavor to keep 
their accounts and set forth the results of their operations in a manner 
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which, for all practical purposes, coincides with the code for privately 
ewned utilities. Thus, while it can be assumed that the accounts of all 
water utilities, privately or municipally owned, follow the same general 
pattern, the only practical result is some uniformity in the general headings 
of the statements prepared from the accounts. 


Lack of Uniformity in General Accounts 


Actually, except by chance, there is no uniformity between any two 
utilities in the character of the charges that are made to particular ac- 
counts. For example, it would seem a simple matter to make a comparison 
between two or more water utilities by determining the cost experienced 
by each for commercial expense per meter per year. Any analysis of such 
expenses, however, will promptly disclose that the same items do not always 
go to make up the total commercial expense shown by the different enter- 
prises. In one utility, no part of the expense for occupancy of a business 
office located in owned quarters in the same building with the general 
offices, or in the city hall, may find its way into commercial expense, while 
commercial expense for a second utility may include the rental and other 
operating expenses if the business office quarters are leased. Similarly, 
a third utility may make some charge to commercial expense resulting 
from a prorate, upon the basis of square footage occupied by the depart- 
ments which are housed in one building. 

This lack of uniformity in the general accounts, of which the above is 
but one of many illustrations, precludes comparisons, so that, for the water 
utilities, there are no unit costs of any definite value by which one utility 
‘an, through comparison with another, conclude that its own results are 
good, bad, or indifferent. Even though there are no usual “standards of 
the industry” with which a given water utility may make comparisons, 
cost reports reflecting only conditions within the utility itself are of very 
definite value to its management. 


— Value of Efficiency Reports 

While oo Bel usually present the cost in dollars and cents of units 
of work performed, there are some activities the efficiency of which may be 
better judged from reports which do not necessarily disclose costs. For 
example, if reports show the man-hours of labor expended in installing a 
service to the meter serving a customer, a comparison of efficiency can be 
made over a period of years without consideration of the different wage 
scales which may have been in effect from time to time. Such compari- 
sons might, over a period of a few years, conceivably show a greater effi- 
ciency as indicated by decrease in man-hours employed at the same time as 


dollar and cents costs have increased decidedly. 
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Upon the same basis, a report for each collector, showing the number of 
bills taken out for collection, number and percentage of bills collected, and 
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amount collected, is definitely of more value than a report showing a cost 
in cents per bill collected. By establishing a standard of performance in 
units of work performed, and by measuring performances against that 
standard, it is thus possible to draw proper conclusions from such statistical] 
reports as to efficiency of individual employees from day to day, without 
the preparation of reports that include costs. 

As has been stated previously, the major purpose of cost accounting is to 
insure that the resources available for a particular job have been efficiently 
employed. This information may sometimes be developed as a by-product 
of the determination of costs. For example, in the East Bay Municipal 
Utility District, in accounting for the time of construction equipment 
chargeable to particular jobs, the daily report of use for each piece of 
equipment is designed to furnish complete information for the eight hours 
of each working day. For idle time the daily reports show whether the 
equipment was not assigned, was moving, was in the shop for repairs, 
was broken down, or was idle because of lack of work for it on the job, 
From monthly tabulations of these reports, equipment which has been 
hoarded by particular foremen is “smoked out” and put to use. Some 
investment in additional units has thereby been avoided, and the equip- 
ment is employed to its fullest advantage. 


prin Intra-Utility Cost Reports ry , 


Cost reports may also be prepared covering certain activities within the 
water utility that are worthy of some study, since they show the trend of 
costs; but a comparison of cost per unit of work performed is of indefinite 


value. <A cost report showing cost per million gallons pumped, or cost. per 
million foot-gallons lifted, for a number of pumping plants in the same 
system, is of no value for comparison of unit costs between different plants, 
since no two plants are identical in design, discharge pressure, and other 
operating conditions. Cost reports of this character are not valueless, 
however, since such unit costs assembled for each separate plant over a 
period of time may disclose information as to loss of efficiency. 

If a water utility conducts a shop for the repair of its own water meters, 
an adequate cost report, to be of maximum value, should show labor, 
material, and total costs in terms of cost per meter repaired. If the cost of 
repair material increases disproportionately, it may indicate a tendency to 
replace parts when replacement may not always be necessary. Although 
meters of various sizes will be handled by such a shop, the labor costs can 
readily be allocated, on an arbitrary basis if necessary, between the various 
sizes of meters. 
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Every individual, regardless of his occupation or position in the business 


wid Control of Automotive Equipment 


or professional world, seems to consider himself an expert in his knowledge 
of the comparative merits of all makes of motor cars. If those concerned 
with operation of the automobiles of a water utility can lay aside their 
prejudices and consider the facts as developed by cost figures, such study 
will be found to be well worthwhile. It is the practice in some large 
utilities to charge all operating expenses for automotive units of the same 
make and type to one account without breakdown of the cost of operating 
individual units. While this breakdown is more expensive in clerical 
labor, the data obtained are of sufficient value to warrant the expense. 
Units of the same make and model will show widely varying unit costs not 
always in accordance with the varying conditions under which they may 
be operated. In many cases, inherent weaknesses in the machines them- 
selves will be disclosed, and remedies can be profitably applied. 

In addition to cost figures in dollars and cents for operation of automotive 
units, to give adequate information from which to draw proper conclusions, 
the report should include consumption of gasoline in miles per gallon, and 
indicate the rate of consumption of oil. For use when considering reason- 
ableness of the cost of repairs, proposed or completed, the cost report should 
also give information as to age of each unit (preferably in months), the 
total mileage which the unit has traveled, and cumulative costs during the 
entire period of ownership. If there is a sufficient amount of hauling by 
heavy units, improper conclusions may be drawn from cost figures based 
only upon miles of travel, and the unit costs should be shown in terms of 
ton miles. 

The East Bay Municipal Utility District has obtained considerable 
increase in miles of transportation delivered per gallon of gasoline by con- 
centrating upon those units shown by monthly reports to be below par in 
this respect. This was done not only through adjustments or repairs 
disclosed to be necessary by test runs of individual cars, but also by in- 
vestigating the driving habits of the individuals to whom the cars were 
assigned. In addition, something has been accomplished merely by 
furnishing drivers of the same kind of units in equivalent service with 
monthly information regarding miles per gallon of gasoline for their par- 
ticular machine as compared with the average for the fleet of similar units. 

As an outstanding example of what can be accomplished by detailed = 
study of the cost of operation of motor vehicles, it was reported by the 
Department of Water and Power of Los Angeles for the year ended June 
30, 1940, that studies made from its cost statistics had shown it to be most 
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economical to effect a trade-in of light passenger cars during the first two 
and one-half to three years of their lives, thereby avoiding major overhauls 
and securing a higher trade-in allowance. The department reports that 
after adopting this policy (established from a study of its cost statistics), 
an actual saving in cost in excess of one cent per mile was obtained, with the 
additional advantage to the department of having at all times a better 
looking and more up-to-date passenger car fleet. 

It is not the purpose of this paper to define what constitutes a complete 
series of cost reports, but rather to call attention to the importance of 
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cost reports and to point out some of the results which may be obtained 
through intelligent consideration of such reports by management. The 
activities to be covered by cost reports which will be of value to a given 
water utility should be decided by the management; and such reports will 
vary with the size of the utility, the number of its employees, and the 


conditions under which it operates, 
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the Birmingham W; latent 


Supply System 
By A. Clinton Decker 
REPORT made to the Birmingham (Ala.) tadieieiaa Board i in 1 1931 
\ emphasized the need for the development of an additional supply of 
water for industrial purposes if expansion of existing industries and estab- 
lishment of new industries was to be possible in the Birmingham district.* 
This district is abundantly blessed with large quantities of raw materials, 
especially those required for production of iron and steel. The major 
deficiency was water. With possibly one exception, the city is the only one 


of its size industrially in the country which is not located on a river, lake 
or body of water from which a supply for industrial purposes is available. 
In July 1932, the City Commission of the City of Birmingham appointed 
an engineering commission to study further the industrial water supply 
problem and to make recommendation regarding the need as well as the 
engineering and economic soundness of such a project. 7 
The Engineering Commission completed its report early in 1933 and on 
December 15 of that vear the City Commission filed an application with 
the Public Works Administration for funds with which to construct the 
project. In this application was included the engineers’ estimate of 
consumption of water from the proposed new system. The Engineering - 
Commission had estimated that consumption would average 10 mgd. . 
during the first vear following completion of the project and that consump- J 
tion would increase at the rate of 5 mgd. each subsequent year. Because 
of the character of the industries in the Birmingham district the annual 
consumption was based on a 365-day year. When the application was 
reviewed by the Engineering and the Finance Division of the P.W.A., 
exception was taken to the 365-day basis for estimating water consumption 


A contribution by A. Clinton Decker, San. Engr., Tennessee Coal, Iron and 
Railroad Co., Birmingham, Ala. 7 
*A description of construction work on by the same author, was 


published in the ar 1938 JouRNAL (vol. 30, p. 56). 
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and it was recommended that tables be prepared showing consumption 
on the basis of a 300-day year. During the eighteen months subsequent 
to filing the application additional industries had indicated their probable 
use of water, prompting the P.W.A. to ask the Engineering Commission 
to submit a new estimate of consumption for the first year, at 13 mgd. 
for 300 days, and for subsequent 300-day years. The engineers complied 
with this request, but, in addition, submitted a table of estimated consump- 
tion “based on all customers using water for 300 days a year and 70 per cent 
of the customers using water an additional 65 days per year. Even this 
consumption is very conservative when it is noted that of the actual 
consumers who are assured as customers immediately upon completion of 
this plant, those who are 365-day customers represent 83.5 per cent of the 
water used.” 

The estimates in the original application, December 15, 1933, indicated 
that sales of water during the first, second and third years after completion 
of the project would be 3,650, 5,475, and 7,300 mil.gal., respectively. 
Actual sales of water during these years were 3,289, 5,729, and 6,882 mil.gal. 
The ratios of actual sales to estimated sales were 90.1, 104.6 and 94.2 
per cent respectively for each of the first three years. The total estimated 
sales for the three years was 16,425 mil.gal.; the actual sales, 15,900 
mil.gal., or 96.8 per cent of the amount estimated on December 15, 1933. 

The revised estimate referred to above was included in a revised applica- 
tion dated July 9, 1935, which gave consumption figures as follows: first 
year, 4,492 mil.gal.; second year, 5,182 mil.gal.; and third year, 6,910 
mil.gal.—_a total of 16,584 mil.gal. for the first three years. The actual 
consumption as compared to these estimated quantities was 73.2 per cent 
for the first year, 114.4 per cent, the second, 99.6 per cent the third, and 
95.9 per cent for the three years. 

It is interesting to note that the estimates of the original application 
were accurate within 3.2: per cent over the three-year period and that the 
greatest variation of the actual from the estimated consumption in any 
single year was 9.9 per cent. The revised estimates of July 9, 1935, 
although anticipating increases in consumption less rapidly from the first 
to the second year than did the original application, were obviously too 
optimistic for the loading period of the first year. Some of the deficiencies 
in actual consumption during the first vear as compared to the estimates 
are attributable to the fact that the impounding reservoir was not filled 
to a sufficient extent to permit the sale of substantial quantities of water 
until the spring of 1939. Water service was commenced on June 12, 1938, 
although the dam was not completed until October 1, 1938, the closure of 
the temporary spillway having been made during September. Preliminary 
operation of the system, which permitted sale of water prior to the com- 
pletion of the project, was made possible by the construction of a temporary 
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spillway and the installation of temporary pumping equipment. The 
temporary spillway permitted the accumulation of approximately 1,000 
mil.gal. in the impounding reservoir. The temporary pumping equipment 
was operated until the late winter of 1938-39, or until water in the im- : 
pounding reservoir had reached an elevation high enough to permit delivery 
The capacity of the completed impounding 


to consumers by gravity. 
reservoir is 21,000 mil.gal. The designed capacity of the entire system is 
hased on delivery of water at the rate of 60 mgd. — ; 
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REVISED ESTIMATE OF CONSUMPTION 
JULY 9, 1935 


--|7 ] ACTUAL CONSUMPTION 


Ate = ESTIMATED CONSUMPTION- ORIGINAL 
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Actual and Estimated Consumption—Birmingham Industrial 


Fic. 1. Comparison of 
Water Supply System 


Figure 1 shows the actual consumption by months and the estimated __ 


consumption on the basis of the two estimates. The curves for estimated 
consumption are, of course, based on uniform increases over the periods 
involved and as the original estimates did not attempt to indicate the 
probable seasonable variations, such variations have not been incorporated 
in the estimated consumption curves. a 


Eprror’s Nore: It may interest the reader to know that the industrial 
water system described in this paper was recently refinanced by a $4,250,000 
issue of bonds which will yield the investor a return of 2.7 per cent. 
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-_ Bacterial Densities From Fermentation Tube Tests 
By Harold A. Thomas Jr. 


ITH the postulation of a few assumptions regarding the distribution 
Wi bacteria in natural waters and by applying the caleulus of prob- 
abilities, Greenwood and Yule (1), Reed (2) and others have developed 
useful method of obtaining quantitative interpretations from the results of 
fermentation tube tests. Through the efforts of Hoskins (3), Halvorsen 
and Ziegler (4) and others in the publication of tables giving the most prob- 
able number of bacteria (M.P.N.) for various combinations of tubes and 
dilutions, the results of the mathematical analysis may be applied directly 
to many tests without the tedious computation otherwise entailed 
solving the complicated equations of the theory. The obvious utility of 
this method has resulted in the general acceptance of the tables. There 
exists, however, an additional scheme by which the laborious computation 
may be circumvented; this is the simplification of the equations of the 
underlying theory so as to evolve a simple, easily applied formula for the 
M.P.N., giving values in substantial agreement with those in the tables. 
Such a formula would constitute a valuable addition to quantitative bae- 
teriology by supplementing the tables and extending the statistical analysis 
to cases in which tables are lacking or are inadequate. Moreover, it should 
be of use in enlarging existing compilations so as to include a wider range 
of tubes and dilutions. 

To those acquainted with the intricate theoretical background of the 
problem, the mathematical difficulties in the way of accomplishing any 
simplification may at first thought appear so formidable as to preclude the 
possibility of obtaining any useful result. Such, however, is not the case. 
A number of modifications in the theory that greatly simplify the caleula- 


P 
tion of a M.P.N. are possible. A simple formula thus obtained is \ = VNT’ 


where \ is the most probable number, in bacteria per ml.; P, the number 


A contribution by Harold A. Thomas Jr., Instructor in San. Eng., Harvard Gradu- 
ate School of Eng., Cambridge, Mass. 
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of positive tubes; 7’, total quantity of sample in all tubes, in ml.; and N, 
total quantity of sample in negative tubes, in ml. 

Since the equation was obtained by modifying some of the assumptions 
and steps of the usual theory, it does not give values of \ that agree exactly 
with those obtained by the original theory. Ordinarily, however, the 
deviations are so slight as to be of no practical consequence. 

As an example of the use of the equation, showing the general order of 
agreement with values given in tables, it may be shown that an analysis 
gives results as follows: 10-ml. tubes—1+, 0—; 1l-ml. tubes—1+, 4—-; 
and 0.1 ml. tubes: 0+, 1—. Applying the equation, then, M.P.N. 

= (0.25 bacteria per ml. as compared with the value 0.26 
V (4.1) X (15.1) 
bacteria per ml. determined by the use of Standard Methods (5) tables. 


If the tubes in the lowest dilution (containing the greatest amount of 
sample) are all positive, the complete omission of this dilution from the 
computation will improve the agreement between the simple formulation 
and the values in the tables. This is due to the divergence in the two 
methods when JN is less than 5 per cent of 7. The discrepancy does not 
impair the usefulness of the simple formula, for in a well constituted test, NV 
should be greater than 5 per cent of 7 in order to develop the full measure 
of precision obtainable in the final result. If NV is less than 5 per cent of 7’ 
the expedient of omitting the lowest dilution ordinarily brings the two 
formulations into substantial agreement. In tests with a preponderance 
of the sample in positive tubes, the lowest dilution may be omitted without 
perceptible influence upon the value of the M.P.N. This is well known to 
persons conversant with the underlying theory, and may readily be verified 
by a precursory examination of M.P.N. tables. 


Application of the Formula 


It is interesting to note that the equation is not limited to any numbers 
of tubes or series of dilutions, but may be used on all types of fermentation 
tube tests including those of irregular dilutions and numbers of tubes. 
Therefore, the formula may be applied in the absence of tables to form an 
estimate of bacterial density in tests, such as are sometimes necessitated in 
the course of research, wherein uniform numbers of tubes and regular series 
of dilutions are not feasible or even possible. This may be the case, for 
example, when the total amount of sample is limited, or in the case of 
breakage or doubtful tests, or for any other occasion when it becomes 
desirable or necessary to reject some of the original tubes inoculated. 

Many comparisons covering a wide variety of tests have been made be- 
tween the M.P.N. given by the equation and that given by tables. These 
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have revealed the average disparity between the two iatitiatiens to be 
about 7 per cent. Seldom does the difference exceed 15 per cent and not 
infrequently do the two methods coincide. This is indeed a remarkable 
degree of agreement in view of the simplicity of the equation contrasted to 
the complexity of equations of the usual theory. It is evident, then, that 
the simple formula for estimation of bacterial density should be satisfactory 
in many practical instances of routine analysis where no great precision of 
measurement is required. Moreover, in the event the test under considerg- 
tion is one not included in published tables and it is desired to ascertain the 
M.P.N. in accordance with the theory as developed by Reed, the equation 
provides a valuable aid in the application of the method of successive trials 
of Hoskins (3), by supplying a first approximation reasonably close to the 
desired value. It should always be remembered, however, that all theory 
of probability is predicated upon certain arbitrary initial assumptions that 
may or may not apply in any particular case. The lack of exact knowledge 
of whether or not these assumptions obtain in the instance at hand will 
limit to some degree the confidence that may be accredited the final result. 
Indeed, a number of different sets of assumptions may be formulated re- 
garding the randomness of bacterial distribution. Each of these, mathe- 
matically developed, leads to a rational method of estimating bacteria] 
density. Thus a variety of M.P.N. values may be calculated, each vary- 
ing slightly from the others, depending upon the initial assumptions made, 

Actually, the above equation was originally derived from assumptions 
closely similar to, but not quite identical with, those of Greenwood and 
Yule and of Reed. In the vast majority of routine analyses, however, 
mathematical discriminations of this order are of no practical significance, 
since the difference in numerical result for the M.P.N. as computed from 
the several theories is so slight as to be obscured by uncertainties of inter- 
pretation inherent in the nature of the test itself. It would appear, then, 
that in the many cases where a high order of precision is unnecessary, the 
simplicity and ease of applying the various formulations should determine 
the most generally useful method. This would of course indicate the use 
of published tables insofar as possible, together with the supplemental use 
of a simple equation giving results in substantial agreement with the 


established theory. 


Dispersion of Frequency Distribution 
In addition to the computation of the M.P.N., which is the modal 
value of bacterial density in the frequency distribution developed in the 
probability theory, some investigators, including Haldane (6) and Hal- 
vorsen and Ziegler (4) have delineated useful methods of measuring the 
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dispersion of the frequency distribution. While such measures are valuable 
in that they may be used to form an idea of the reliability and significance 
of the M.P.N., they are cumbersome to apply without recourse to tables or 
graphs. ‘To provide a simple approximate measure of the dispersion of 


frequencies about the M.P.N., the following formula for estimating, in a 
comparative sense, the reliability of the M.P.N. values obtained from 


various similar fermentation tube tests, was developed: E = , where 


VP 
E is the mean error of estimate, in bacteria per ml.—a measure of the dis- 
persion of the frequency distribution. 

Due to the complex nature of the distribution curves given by all 
theories, it is not feasible to attempt to attach any more quantitative 
significance to measures of dispersion, such as /#, other than that formed 
upon a comparative basis. Another reason for not placing any great 
measure of reliability upon the absolute quantitative significance of indices 
of dispersion lies in the uncertainty of the applicability of any particular 
theory with concomitant specialized basic assumptions in the extreme 
ranges of the frequency distribution. While it is true that slightly different 
basic assumptions may give theories differing insignificantly as to M.P.N., 
the same does not apply to measures of dispersion, which differ widely, 
with but small variations in the underlying hypotheses. While this limits 
the value of measures of dispersion used ia the absolute sense, it does not 
limit their use in a comparative sense. Thus, in deciding as to the relia- 
bility of two independent tests upon the same sample, the result given by 
the test of the smaller value of E would be more precise. It is useful to 
note from this formula that the error of estimate decreases inversely with 
the square root of the number of tubes tested; i.e. to halve’ the error of 
estimate it is necessary to quadruple the number of tubes. Re 

Summary 

A simple method of estimating the most probable number has been 

presented, and instances wherein the use of such seems practical have been 


discussed. This formula may be written: 


No. of Positive Tubes 
M.P.N. = 
V (No. of ml. in negative tubes) X (No. of ml. in all tubes) 


Most probable numbers computed by this formula deviate from values 
given by the usual method by amounts which ordinarily are insignificant. 
The formula is not restricted as to number of tubes and dilutions used and 
may be applied to all types of tests. 
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A simple method of estimating the reliability of fermentation tube tests 
has been described showing the importance of increasing the number of 
tubes tested where precision is desired. 
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Evaluation of Coliform Organisms in Water 


By F. R. Georgia wae 


HE work of Hoskins (1) and his predecessors on the concentration 

of coliform organisms in water samples has been directed toward the 
determination of the most probable number (M.P.N.) of coliform. or- 
ganisms present in a sample when a certain number of fermentation tubes 
in a given series are positive. For any series of tubes a series of isolated 
M.P.N. values is obtained. 

A better approach to the problem is to determine the range of concen- 
trations of coliform organisms most likely to produce a given result. This 
can be done quite readily where each tube in a series of fermentation tubes 
is inoculated with the same volume of sample. For example, in any 
such series, the most probable range (M.P.R.) of concentrations of coli- 
form organisms to give all negative tubes would be between zero and the 
M.P.N. for } positive tube; the M.P.R. for one positive tube would be 
from the M.P.N. for 4 positive tube to that for 14 positive tubes; ete. 
Such ranges are not, of course, limiting ones, but only most probable 
ranges; since, for example, it is to be expected that occasional positive 
tubes would result from coliform concentrations below the M.P.N. value 
for } positive tube. 

The M.P.N. values for half-tube intervals are as readily deter- 
mined from the tables published by Hoskins (1) as are any other values. 
They have been used in preparing Table 1 which gives both M.P.N. and 
M.P.R. values for several series of tubes. The skew in the probability 
curve will not affect the M.P.R. values since the limits for the various 
ranges were taken as the calculated values for the half-tube intervals. The 
values have been restricted to two significant figures, with the exception 
of those for the one hundred 10-ml. tube series, where three figures were 
necessary to show proper differences between adjacent values. 

The use of M.P.R. values would eliminate the misleading definite 
values of the M.P.N. system, and would give a better picture of the 
accuracy of the determination being reported. Just as in the M.P.N. 


A contribution by Dr. F. R. Georgia, Cornell Univ. 
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system the use of larger numbers of tubes in a series makes the interval 
between adjacent values smaller, so also in the M.P.R. system the range 
values are more restricted and approach the M.P.N. values from both 


sides. 
Effect of Antibiosis 


Both systems suffer from certain assumptions that, unfortunately, are 
not always true. One of these is that the presence and growth of other 
bacteria will not influence the results of the tests for coliform organisms. 
This assumption is hardly warranted in view of the known antagonistic 
actions of bacteria. Waksman (2) has recently reviewed this field.* The 
values obtained for the concentration of coliform organisms in water are 
certainly too low at times because of such antagonistic actions. The term 
“overgrowth” which is frequently used in this connection is not neces- 
sarily descriptive of the actual action. Antibiosis is perhaps a better one. 

The proposed revision of the Federal drinking water standard with its 
provision for inoculating fermentation tubes with 100-ml. portions, rather 
than 10-ml. portions, makes some consideration of antibiosis desirable. 
One 100-mi. tube is not the equivalent of ten 10-ml. tubes. In the first 
ease any coliform organisms must compete with all the other organisms 
present, while in the second case any coliform organisms in a tube will be 
in competition with only about 10 per cent of the entire number and 
should be better able to survive and grow. By the same reasoning ten 
il-ml. portions should be preferable to one 10-ml. portion. The proper 
size and number of portions will of necessity be determined by the coli- 
form concentration to be evaluated and the limitations of time, materials, 
and equipment. 

Data recently published by Noble (3) make it possible to test some of 
the hypotheses. The work reported seems to have been very carefully 
planned and executed, and the results are probably as reliable as any 
that could be obtained except by extending the number of samples ex- 
amined. Noble examined 22 samples of water and compared the results 
obtained from one hundred 10-ml. portions with those from twenty 50-ml. 
portions and ten 100-ml. portions of each sample. The results are sum- 
marized in a table in which the samples are arranged in the order of in- 
creasing coliform concentration as indicated by the results from the 10-ml. 
portions. 

In Table 2 the data of Columns 1 through 4 are taken from Noble’s 
tabulation with the same order of samples. Columns 5, 6, and 7 give the 
M.P.N. values corresponding to the results in Columns 2, 3, and 4, while, 
in a similar manner, in Columns 8, 9, and 10 the M.P.R. values are given. 
In Columns 11 through 15, use was made of the M.P.N. values for the 


* Abstracted in this issue of the JouRNAL, p. 620. 
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one hundred 10-ml. tube series (Column 7) to compute the number of 
positive tubes that should result in various other tube series as indicated 
by the M.P.R. values of Table 1 for each series. In doing this the as. 


* Bacterial Quality of 22 Samples Expressed in M.P.N. and M.P.R. Values 
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s | 9 | 2 | 13 14 | 15 
g NO. TUBES M.P.N. PER MPR. per 100 Mt. | NO. OF POSITIVE TUBES 
| POSITIVE* 100 ML. CALCULATEDTt 
$02 | | | 10,100-ml. | 20,50-ml. | 100, 10-ml. | 0, 100- | 20, $0- | 
mi. mi./ml.| ml. | ml. ml. | | 
10 0 2) 0.16 0.28.0.05-0.15) 1(+) 1(-)}0 | 
6 2 2| 20/0. 16-0. 29/0. 16-0. 28/0. 15-0.25) 2(=) | 2(=)} 0/10) 1 
5 3 3(=) | 4(-—)| 0'0 2 
19 2 16-0. 29 0.51-0.64,0.36-0.46, 3(+) | 4(-—); 0 O 2 
7 3 5 5(4+) 5(=) 1.0 § 
9 6 2} 5(—) | 5(4+)) 110) 2 
ll 6 (0.78-0.94/0.67-0.78 5(—) 6(—) 
1 4 6 6(+) 8(+) 1.0 3 
12, 3) 5) 29-0. 6(+) | 8(+)) 1/0) 3 
22; 6 10) 13/0.92/1.4 |1.40)0.80-1.1 |1.3 -1.5 4 
5 16} 13)0.69/3.2 -3.5 1 1. 4 
21 9 5) 14/2.3 |0.58)1.51/1.9 -3.0 |0.51-0.64/1.45-1.57| 8(—) |11(+)} 1) 4 
7! 9} 15/1.2 |1.62/1.1 -1.4 |1.1 -1.3.|1.57-1.68) 8(+) |11(+)|1-2) 1 | 4 
4 10; 16/1.6 |1.4 |1.74/1.4 -1.9 |1.3 -1.5 |1.68-1.80 8(=) /11(+) 
7| 8(+) |12(4+)| 4 
13; 10 | 13) 18 2.0 |1.98) >3.0 |2.0 -2.2 |1.92-2.04) 9(—) 2; 1/4 
2 3, 9(+-) 13(+) 2i biz 
16 0 6) 220.000.722.480.00-0.05 0.64-0.782.42-2.55 9(+) 14(4) 2 1.5 
14; 9} 15} 24/2.3 |2.8 |2.74)1.9 -3.0 |2.6 -3.0 |2.67-2.81) 9(=) |15(=)} 115 
8 | 13) 25/1.6 |2.87/1.4 -1.9 (2.0 -2.2 |2.81-2.94) 115(+)) 11/5 
17; 9 | 15) 25/2.3 /|2.8 |2.87/1.9 -3.0 |2.6 -3.0 |2.81-2.94) 9(=) |15(=)} 3} 1/5 
20 | 10 | 17; 47; — (6.41) >3.0 (3.5 -4.2 (6.26-6.45)10(=) |19(+)| 5} 2) 5 

* Data in first four columns from Noble (3). 

t Using M.P.N. values of one hundred 10-ml. tube series (Column 7), the number 
of positive tubes that should be obtained in various other series was determined using 
M.P.R. values of Table 1 for each series. (—), (=), (+) indicate that calculated 

: numbers in Columns 11 and 12 are, respectively, less than, equal to, or more than 
the numbers in Columns 2 and 3. 


sumption is made that the values in Column 7 are more reliable than 


those in Columns 5 and 6. 
The following material is offered in support of this assumption. Hoskins 
and Butterfield (4) developed the formula: 
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where: P = percentage of samples giving determinate results, i.e., some __ 
tubes positive and some negative; N = size, in ml., of portion;\ = M.P.N. 
per ml. ; K = number of portions of size NV in each test; and e = 2.7183 


(base of Naperian logarithms). The lowest M.P.N. value obtainable in _ 
any of Noble’s series is 0.001 per ml. If this is used to calculate valuesof P| 
for one hundred 10-ml. tubes and for ten 100-ml. tubes P = 63.2 in both 
eases. For higher M.P.N. values the results favor the one hundred 10-ml. 
tube series. For example, with the M.P.N. value of 0.0105 per ml., used © 
by Hoskins and Butterfield in their table, P = 99.997 for one hundred . 
10-ml. tubes as against 98.6 for ten 100-ml. tubes. % 

The argument that the most accurate result is obtained from a series 
in which about half the tubes are positive would apply, as far as mathe- 
matical probability determines results, if comparisons were being made 
between series containing equal numbers of tubes. In the work under ~ 
consideration, however, the number of tubes in each series was adjusted 
so that the same total volume of water sample, i.e., one liter, was used 
to inoculate each set of tubes. Under these conditions the most accurate = 
data will be obtained from the series having the largest number of tubes. 
It would seem self-evident that the greater the number of portions into 
which a water sample is divided for inoculation into fermentation tubes, 
the greater the chance of separating coliform organisms one from another, =— 
and the greater the chance that each positive tube represents only one 
coliform organism. This goal is much more closely approached in a _ 
series of one hundred 10-ml. tubes than in either twenty 50-ml. or ten 
100-ml. tubes. 

These arguments show that both series give determinate results in | 
about the same percentage of cases, with a slight advantage for the one 
hundred 10-ml. tube series over the ten 100-ml. tube series, and that the 
degree of refinement with which the result is measured is much greater in 
the case of the one hundred 10-ml. tube series. This last is also indicated 
by the magnitude of the differences between adjacent M.P.N. values for 


the two series. 

Application of the Federal Standard 

On the basis of the interpretation placed on the present Federal stand- 
ard by some workers, that an M.P.N. value of 1.1 separates good waters 
from bad ones, it will be found, from an examination of Columns 5, 6, my! 
and 7, that the first nine samples of water would be passed in all of the ~* 
series. All the remainder would be condemned on the basis of the results 
of the 10-ml. series (Column 7). Four additional, or a total of 13 samples, 
would get by in the 50-ml. series (Column 6), and five additional, or a 
total of 14 samples, would pass as judged by the 100-ml. series (Column 


5); and the samples passed in the 50-ml. and 100-ml. series — 
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are not always the same ones. Is this an indication of antibiosis in the 
larger portions? One strongly suspects it, at least in Samples 15, 16 and 
18. In this connection it is of interest to compare Column 2 with Colump 
11, and 3 with 12. The computed values in Column 11 are smaller than 
those of Column 2 in four cases, equal in six, and larger in the remaining 
twelve. In Column 12 there are five smaller values, six equal, and eleven 
larger than in Column 3. In the 100-ml. and 50-ml. series the computed 
values, based on the results of the 10-ml. series, gave 31 and 34 more 
positive tubes than actually obtained. Again, is this an indication of 
antibiosis in the larger portions? 

In Columns 13, 14, and 15 of Table 2, the numbers of positive tubes 
most likely to have been obtained in three additional series of tubes have 
been computed. The five 10-ml. series of Column 14 is that in general 
use now, while that of Column 15, of five 100-ml. tubes, is the one pro- 
posed for the new standard. Column 13 for ten 10-ml. tubes repre- 
sents a feasible alternate choice. 

Again on the basis that the M.P.N. value of 1.1 is the limit, the M.P.R. 
values of Table 1 for the above series indicate that 1.1 is within the range 


for one positive tube in the ten 10-ml. series, three positive tubes in the five 
100-ml. series, and is the dividing line between zero and one _ positive 
tube in the five 10-ml. series. 

On this basis the probable results for the ten 10-ml. series would pass 
four of the water samples and condemn eighteen; the probable results for 
the five 10-ml. series would pass nine and condemn thirteen; and the 
piobable results for the five 100-ml. series would pass six and condemn 
sixteen. These results do not consider any possible effects of antibiosis. 
It is of interest to note that the five 10-ml. series is in complete agreement 
with the one hundred 10-ml. series with respect to the samples of water 
passed or condemned, while both the ten 10-ml. and five 100-ml. series 
are more severe. 

Too much stress should not be placed on the above interpolated results 
They are presented in the hope of stimulating further work. 

Perhaps the most general application of the Federal standard is to 
rating the efhciency of water purification plants. Plants that are prop- 
erly designed and operated seem to have no difficulty in meeting present 
bacteriological standards and should find no difficulty in meeting any 
such standards as may be adopted. Purification plants that are getting 
consistently negative results, day after day, with five 10-ml. tubes prob- 
ably would get similar results with five 100-ml. tubes, while those that 
now get poor results with the five 10-ml. tubes would continue to get 
them unless antibiosis came to their aid. 

If there is a general conviction—and this is open to question—that a 
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desirable, the best way to accomplish it is to increase the number of 10-ml. 
tubes used rather than to use larger portions, such as the five 100-ml. 
samples suggested. 

A standard based on the inoculation of ten 10-ml. fermentation tubes 
per sample is suggested, with the following limits: Not more than 10 
per cent of all tubes run on samples from the same source shall confirm, 
and not more than two confirmed tubes shall be allowed on any one of a 
series of such samples. In the case of untreated ground waters the standard 
should be more stringent and require all presumptive tubes to be negative. 
Such a standard would not involve a change in present equipment, which 
js a point worthy of consideration under present conditions. 


Conclusions 


1. Antibiotie effects must be considered in the determination of M.P.N 
values, especially if larger volumes of water are to be used for inoculation 
of fermentation tubes. 

2. A system of most probable range (M.P.R.) values is suggested as 
preferable to the present M.P.N. values for coliform organism concentra- 
tions where each of a series of fermentation tubes is inoculated with the 
same volume of sample. The M.P.R. system does not lend itself to com- 
puting average results and would thus prevent covering up a poor result 
in an average value. 

3. A study of Noble’s data supports the first conclusion. 

Low concentrations of coliform organisms are better detected by an 
increase in the number of 10-ml. tubes used rather than by the introdue- 
tion of 100-ml. tubes. 


ye 
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Discussion by Ralph E. Noble.* Dr. Georgia’s analysis of the writer's 
data is a good example of what was hoped would happen. His most 
probable range approach will, no doubt, facilitate the thinking of those 
for whom the most probable number concept is difficult. The emphasis 
on antibiosis is quite proper. This phenomenon deserves considerable 


* Principal Bacteriologist, Chicago Health Dept., Chicago. 
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attention to determine the extent to which it masks coliform indices at 
critical levels, according to the type of water treatment. 

In the writer’s opinion, one or both of two things should be done to 
determine the relative efficiency of 10-ml. and 100-ml. portions at coliform 
levels below 1.05 per 100-ml. First a sufficient number of experiments 
should be conducted with raw water in which coliform densities are con- 
trolled at levels ranging, in steps, from 0.5 to 2.0 or 3.0 per 100 ml., using 
five 10-ml., ten 10-ml. and five 100-ml. portions in parallel, following the 
standard procedure of identification of coliform organisms. Then the 
series should be repeated with sterile buffered dilution water (Butterfield’s 
formula “‘C’’). It would be easy and especially advantageous to run the 


two sets in parallel because of the advantage of using a common inoculum 
in those cases where the raw water appeared not to contain coliform organ- 
isms in 100 ml., thus necessitating the use of a titered pure culture suspen- 
sion in sterile formula “‘C”’ water, after the coliform population therein had 
been stabilized for two or three days at refrigerator temperature. Such 
results would obviate interpolation from data derived from a different 
series and give an excelle ‘lent check on the factor of antibiosis. 
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Concentrating Filter for Large Water Samples 


ia By Bruce R. Ford and Millard F. Gunderson 


HE apparatus described in the following pages is for use in the supple- 

mental bacteriological examination of water supplies. The device 
permits the handling of large sample volumes, is simple in construction 
and easy to operate. It consists of a Berkefeld filter, encased in a metal 
cylinder, fitted to a water meter. To facilitate handling and provide 
mobility, the apparatus is fastened to a convenient mounting board. 
Figure 2 shows the original equipment ready for use attached to a high 
service pump. Figure 1 gives the construction details of the device after a 
minor improvement in the design. 

The Berkefeld filter candle is 10 in. long, 2 in. in diameter and is of 
medium (NV) porosity. The eylinder is made from standard 2-in. brass 
pipe. It is 103 in. long and is threaded with standard straight thread 
(16 threads per in.) for ? in. from the open end. ‘The top of the cylinder 
is closed with a solid brass plate } in. thick brazed on and machined smooth. 

This top plate has a §-in. female tapped connection in the exact center. 
The connection is made up of a 2-in. nipple of §-in. brass pipe, a $-in. to 
!_in. standard pipe bushing, a }-in. standard pipe coupling, and the male 
half of an adapter from }-in. pipe threads to }-in. standard tubing threads. 
The female half of this tubing union remains on the copper tubing by 
means of which the device is attached to the water source, e.g., high service 
pump, laboratory tap, sill cock or fire plug. 

The cap for the bottom of the cylinder is machined from a solid brass 


block. Its outside measurement is 1} in. in length and 2? in. in diameter. 
1 


It is machined out inside to a depth of 3 in. thus leaving a solid plate j 
in. thick for the closed end. The threads extend into the cap > in. and 
the diameter of the cap from thread to thread is 27°; in. For the distance 
between the inside edge of the threads and the solid plate which forms the 
end of the cap, the diameter is increased to 2,'% in. to allow for a gasket 


A contribution by Bruce R. Ford, Bacteriologist, Metropolitan Utilities District, 
Omaha, Neb., and Millard F. Gunderson, Assoc. Prof. of Pathology and Bacteriology, 
Univ. of Nebraska, College of Medicine, Omaha, Neb. 
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Construction Details of Concentrating Filter 
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The outside surface of the cap along the edge is 
i7-in. hole is drilled in the exact 


eut from rubber. 
knurled to provide a good handhold. 
center of the end of the cap for the stem of the Berkefeld filter. 

The water meter shown is an ordinary 3-in. house service meter although 
a smaller one could be used. It is connected by means of the necessary 
pipe fittings and rubber tubing, as shown in Fig. 1, to the discharge stem 


of the Berkefeld filter. 


Fic. 2. Assembled Concentrating Filter Attached to a High Service Pump 7: 


Technic 


Sterilization of the filter is accomplished in the autoclave. The cap 
for the bottom of the cylinder is placed on the stem of the Berkefeld filter 
with the rubber washer, the metal washer and the wing nut loosely in 
The open ends of the cylinder 


place. This assembly is wrapped in paper 
A 6-in. evaporating dish and a 


and top connection are closed with paper. 
stiff bristled brush, e.g., a Fuller pastry brush, are wrapped separately. 
All these pieces are steam sterilized at 15 lb. pressure for not less than one 


hour. The filter and cylinder are assembled very carefully to avoid bac- 


hat 
™ 


q 
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eo" te ‘rial contamination and the cap tightened. The wing nut on the Berke. 
_ feld stem must be tightened only with the fingers, and not until after the 
cap is solidly in place. Otherwise, the Berkefeld candle might be brokey 
_ by forcing it against one side of the cylinder. 

The assembled filter is fastened to the mounting board against the semj. | — 
circular brackets with the curved bolt and wing nut, and the rubber tubing 
from the meter is connected. The end of the copper tubing through which if 
the apparatus is connected to the water supply is flamed, the union made, 


and the filter is ready for use. 
The full operating pressure of the high service pump (110 psi.) can be 

used without damage to the filter. The volume of the water filtered, h 
read in cubic feet, may be converted to gallons by use of the factor 7.48, , 
_ The laboratory sample is obtained by pouring the water remaining in 35) 
the cylinder into the sterile evaporating dish through the connections at | 
the top of the cylinder. The cap and the Berkefeld filter are then removed ° 
together. By means of the sterile brush the organisms present on the sur- oad 
face of the filter are scrubbed into the water already obtained in the tic 
evaporating dish. This sample is transferred either directly to the primary “a 


enrichment medium or to a sterile bottle for transportation to the ch 
laboratory. 
This apparatus is so designed that the final sample volume is less than Si 
100 ml. no matter what volume of water is filtered. On numerous ocea- 
sions over 1,000 gal. of water have been filtered. It is obvious that in 
such cases a high degree of concentration has been obtained. Such a a 


feature is desirable in the examination of water, which may or may not om 
meet the Federal standard, for pathogens and non-pathogens of intestinal al 
origin. he 
fre 

The authors wish to thank Walter S. Byrne, Gen. Mgr., James M. Keir, pI 


Supt. of Water Plants, Harry B. Stryker, Shop Supt., and James L. Jordan, th 
Machinist, all of the Metropolitan Utilities Dist., for their valuable 
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assistance in the construction of this apparatus. a 
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Investigation of an Unusual Natural Water Softening 
By D. W. Graham 


N UNUSUAL case of natural softening of water, unparalleled in the 
A records of the Los Angeles water system, occurred during June 1940, 
at Chatsworth Reservoir. At this time, the reservoir had a surface area of 
350 acres, an average depth of 20 ft., a volume in storage of 2.25 billion 
gallons, and a total hardness of 120 ppm. 


On June 5, a milky appearance was observed when routine samples were 
eollected at the reservoir. This was assumed to be caused by supersatura- 
tion of dissolved oxygen, a not uncommon condition at Chatsworth Reser- 
voir that spring. The condition was not recognized as abnormal until 
chemical analysis revealed that the hardness had suddenly dropped 30 
ppm. (from 120 to 90 ppm.) due to a decrease in the calcium content. 
Significant chemical, bacterial and microscopical results during this period 
are shown in Fig. 1. The results for June 5 are of special interest.  In- 
creased biological activity was shown by the increase in Anabaena from 
750 to 4,730 standard units per milliliter, an increase in dissolved oxygen 
from 8.3 to 13.0 ppm. and an increase in turbidity from 9 to 18 ppm., 
although the latter rise was due partly to the precipitation of calcium car- 
bonate. The increase in pH from 8.6 to 8.9 and of carbonate alkalinity 
from 20 to 30 ppm. created favorable conditions for caleium carbonate 
precipitation. That actual precipitation must have occurred is shown by 
the decrease in total dissolved solids as reflected by the decrease in specific 
electrical conductance, the rise in turbidity, and the decrease in calcium 
from 30 to 21 ppm. The reservoir was treated with copper sulfate on 
June 10, and changes during the subsequent period of stabilization indicate 
what actually occurred. 

The high bacterial counts were normal sequels to a decline in microscopic 


organisms; dissolved oxygen became subnormal due to aerobic bacterial 


action; and the removal of the normal calcium carbonate by precipitation 
reduced the pH and carbonate alkalinity. Inspection of these results 


A contribution by D. W. Graham, Chief Chemist, San. Eng. Div., Bureau of 
Water Works & Supply, Los Angeles. 
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_ _ leaves little doubt that the softening was due to biological activity and that 
Anabaena was responsible. This ability of microscopic organisms to alter 
A... _ the chemical composition of a water through photosynthetic activity hag 

7 r been recognized and reported by various authorities (1, 2, 3, 4). 


Experimental Investigation q 
To correlate field results, an attempt was made to soften water by bio. 


logical action in the laboratory. In all, eight experiments were conducted, 
five of which proved unsuccessful due to inability to grow sufficient algae 
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Fic. 1 Changes in Chatsworth Reservoir During Late Spring of 1940 


to cause calcium carbonate precipitation. All experiments were conducted 
by putting two gallons of water in large cylindrical pyrex jars and allowing 
them to stand in a window where they received the afternoon sun. Encino 
Reservoir water was chosen for the first experiment as it most nearly ap- 
proximated the original analysis of Chatsworth Reservoir water. The 
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frst experiment was the most successful, and after three subsequent fail- 
yres, Silver Lake water was used due to its higher bicarbonate content. 
Table 1 shows the characteristics of the water used for the three successful 
experiments. At varying intervals, depending on the appearance of the 
water, samples were withdrawn and analyzed for calcium, magnesium, and 
pH. When action had apparently passed its peak, as determined by gen- 
eral appearance and drop in pH, an approximation of the microscopic or- 
ganisms present was made. 

Inspection of Table 2, experiment Encino No. 1, shows active biological 
activity for more than fifteen days until the pH had risen high enough to 
reproduce the Chatsworth softening. It is noteworthy that the first sign 
of calcium carbonate precipitation occurred at pH 8.81, approximately the 
same as at Chatsworth Reservoir (8.90). 

In the case of the experiments with the Silver Lake water, the softening 
started considerably lower (pH 8.50 and 8.45) and the biological action 
ceased before the pH was as high (pH 8.62 and 8.60) or the softening as far 
advanced as with the Encino or Chatsworth Reservoir waters. This dis- 
crepancy suggested investigation of the Langelier calcium carbonate 
saturation index (5) as a guide to indicate at what point precipitation might 
be expected. This index, therefore, was calculated for the time of highest 
pH prior to the start of caletum carbonate precipitation. For the Encino 


No. 1, Silver Lake No. 1 and Silver Lake No. 2 experiments, respectively, 
this index was +.88, +.87, and +.83. As the saturation index at Chats- 
worth Reservoir, during initial precipitation, was +.95, it seems that the 
optimum index for calcium carbonate precipitation for the local supply is 
hetween +.80 and +.95. 

Seeking additional information, an investigation was also conducted on 
six samples which had been standing in the field in barrels and were used 
for determining the optimum dosages of copper sulfate for killing algae. 
Five of these samples showed calcium reduction. Three of the samples 
were pure cultures of Cosmarium, which, starting with a water of 75 ppm. 
calcium, reduced it to 62, 54, and 67 ppm., respectively, in two months’ 
time. No record was kept of the intervening period. In the fourth sam- 
ple, which started principally with Clostertum, calcium was reduced from 
32 to 24 ppm., but as Synedra and Stephanodiscus were also present in small 
amounts at the start and finish, no definite conclusion can be drawn re- 
garding the responsible organism. The fifth sample, which started with 
Synedra and Stephanodiscus, was softened from 32 to 25 ppm. calcium and 
finished about 100 per cent Aphanizomenon. 

In considering the specific organisms responsible for the bicarbonate 
utilization, it seems certain that Anabaena (Cyanophyceae) was the cause 
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TABLE 1 


EXPERIMENTS 


Encino Silver Lake Silver Lake 
No. 1 No. 1 No. 2 
Chemical Characteristics Parts per Million 
Specific electrical conductance (K X 105).... 42.3 69.9 73.8 
Total hardness as 123 259 285 
Carbon dioxide........... 0.0 0.0 0.0 
Carbonate alkalinity as CaCOs............. 5.0 10 20 
Bicarbonate alkalinity as CaCO;........... 137 150 138 
Total Kjeldahl nitrogen as N............... 0.320 0.520 0.360 
: Ammonia nitrogen as N.................... 0.010 0.020 0.040 
Nitente NV... 0.06 2.0 1.0 
2.6 9.3 7.9 
Biochemical oxygen demand................. 2.3 3.7 3.8 
y Microscopic Organisms | Standard Units per Milliliter 
Diatomaceae 
| — 10 
Cyanophyceae 
Chlorophyceae 
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Lake No. 2 softenings. 
Lake No. 1 experiment was not considered signific 
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TIME OF TEST 


Start 

3 days 
6 days 
9 days 
12 days 
15 days 
18 days 
21 days 
24 days 
27 days 
30 days 


Start 
~ 
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Finish 
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from 101 to Sl 


Encino No. 1 


Results of Biological Softening Experiments 


EXPERIMENTS 


Silver Lake No. 1 
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of the Chatsworth Reservoir phenomena; that Synedra (Diatomaceae) was 
primarily responsible for the Encino No. 1 experimental softening; and 
that Scenedesmus (Chlorophyceae) caused the Silver Lake No. 1 and Silver 
The increase in Aphanizomenon (Cyanophyceae) 
ant at the 


Chemical Results in Parts per Million 


Ca | Me 


carbon dioxide. 


Ca Mg | T.H.* 


Silver Lake No. 


T.H.*| pH | Ca | Mg |T.H.*!| pH pH 
31 1] 123 | 7.90 65 24 | 261 8.01) 72 24 | 269 | 7.91 
— — | — — omens 
31 | 11 | 123) 8.23) — | — | — | 8.08) 72 | 24 | 269 | 8.38 
31 1] 123 | 8.50 —|— — 64 24 | 259 | 8.45 
- — | 53 24 | 231 | 8.50) 60 | 24 | 249 8.61 
31 11 123 | 8.75 — 
20 11 94 | 8.81) 39 23 | 192 | 8.62) 56 24 | 239 | 8.60 
17 11 87 | 8.85 40 23 | 195 | 8.43) — —_ —|— 
17 | 11 8.70 
PRINCIPAL MICROSCOPIC ORGANISMS 
Synedra...... 80% | Scenedesmus. 80% Scenedesmus. . 20% 
Microcystis... 10% | Aphanizo- A phanizo- 
menon..... 6% menon...... 60% 
Protozoa 12% Protozoa... 20% 
Synedra. .. 65% Scenedesmus. 70% Scenedesmus. . 75% 
Ankistrodes- A phanizo- A phanizo- 
mus 15% menon 20% menon. . 15% 
Pretozoa 10% 
hardness. 


time but recent findings* prove that this organism also utilizes “‘half-bound”’ 
g £ 


The field experiments show that Cosmarium (Chloro- 


phyceae) acts in a similar manner. 


* At Chatsworth Reservoir, from July 7 to 21, 1941, Aphanizomenon, the only 
organism present in significant quantities, increased from 935 to 4,200 standard 
units, the pH reached 9.3, and the saturation index + 0.97. 
ppm. 


The hardness dropped 
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The results of this investigation indicate that the Chatsworth Reservoir 
_ softening was caused by biological activity and that common water organ. 
isms of several different classifications have the ability to utilize carbon 
_ dioxide from bicarbonates. Under suitable environment, this photo. 
7 synthetic activity will cause an increase in the Langelier index, carbonate 
: alkalinity and pH; and a decrease in hardness, bicarbonate alkalinity, 
calcium and specific electrical conductance. The Langelier index has 
_ proved useful in the correlation of field and laboratory experiments in the 
- past, and current work illustrates a further use of the principle. In the 
: _ present investigation this index has been found more reliable in predicting 
the time of calcium carbonate precipitation than any other factor and for 
the local supply is approximately +.80 to +.95. 
; Organisms shown to utilize sufficient “half-bound” carbon dioxide in 
their metabolism to cause natural softening include Anabaena and A phan- 


izomenon (Cyanophyceae), Synedra (Diatomaceae), Scenedesmus and Cos- 
marium (Chlorophyceae), photomicrographs of which may be found in 
any standard reference book on the subject. It is probable that under 
proper environmental conditions many other algae will exhibit the same 
phenomena, so that further extension of this investigation is desirable. 
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Laying Water Mains in Milwaukee 


By Herbert Thling 


| 

N RECENT vears the city of Milwaukee has embarked on a large 
| scale program of street widening and resurfacing. As a result, the 
various utilities have been called upon to make all improvements to their 
underground systems necessary to meet the requirements of the new con- 
ditions. The Water Department, of course, has had its share of the work 
and problems involved in this program of improvement. 

The short time allotted for the completion of such work, from the time 
the order to prepare plans is received to the time the water main must be 
laid, has been a major problem, allowing for no lost motion in the process. 
With the trend toward laying water mains in the populated or improved 
sections of the city, too, widely different problems from those encountered 
in the ordinary distribution system extension work in undeveloped areas 
have been encountered. In these developed business and industrial areas, 
water consumption is usually quite high, particularly in the present war 
production emergency, and water service must be maintained throughout 
the working week. 

On all the new and wider arteries in the business, industrial and _resi- 
dential areas, the Water Department has adopted the dual system of water 
mains, locating the pipes as close to curb as possible, or, where feasible, in 
back of the curb, to eliminate the necessity of opening up the pavement in 
the future for new services, branch connections or repairs. 

To maintain the water service during the working week, the old mains, 
generally located near the center of the street, are kept in service during the 
time when the new main is being laid. In laying these new mains, how- 
ever, lead services are often cut, sometimes because of the difficulty in lo- 
cating them or finding the curb stop boxes, and at others because the lead 
services do not run directly to the main or because two or more small leads 
are tapped to the main and then connected to feed one larger service. 
When a service is cut in this way, the contractor must repair it immediately 

A paper presented on October 8, 1941, at the Wisconsin Section Meeting, Racine, 
Wis., by Herbert Ihling, Field Engr. of Constr., Milwaukee Water Dept., Milwaukee. 
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or supply water through hose connections to an adjacent building or 
hydrant. Similar difficulties are encountered with gas, electric and tele. 
phone services. 


Main Installation Procedure 


When a section of new water main has been laid between two valves, jt 

_ jis possible to make the wet connection to the existing cross-main in the 

intersecting street. In such a case the old cross-main may have to be cut 

off and capped so that the old main in the widened street can remain in 
service ahead of the new work. 

The new main is then filled thoroughly and flushed and a water sample 
taken for laboratory analysis. If the sample is found satisfactory, the new 
main is tapped and all old services and branches are reconnected to it, 
Should the sample prove unsatisfactory, the main is reflushed until it is, 
Only very seldom are water samples from mains up to 16 in. in diameter 
found unsatisfactory after the mains have been flushed thoroughly. A 
chlorine residual of about 0.2 ppm., generally carried in the distribution 
system, has in most cases been sufficient to sterilize the new main.  Be- 
‘cause of the danger of pollution in wet trenches, however, chloride of lime 
to give a chlorine dosage of about 50 ppm. is placed in the pipe during the 
process of laying mains under such conditions. 

After the new main is in service the old main can be abandoned. Very 
little old pipe is removed, this being done only where the new main falls in 
the same location as the old, usually at street intersections. Due to the 
difficulty in getting new gate valves this year, present gate valves are being 
removed from the old mains. Those which were installed recently are 
being overhauled and re-used, while the usable parts of the older ones are 


at 
Installation Equipment 


A erane with a clam-shell bucket seems to be the most suitable equip- 
ment for excavating trenches in widened streets because of the underground 
structures of the various utilities, as well as the water services and house 
drains which are encountered. Such a crane is used also to lower pipe and 
fittings into the trench. The trench machine is usually used in less con- 
gested areas and where there are fewer underground structures 

Air compressors and jack hammers are efficient in breaking out old 
pavements. In some instances where the street grade has been raised 
several times it has been necesssary to cut through two or three pavements. 
When pavements are to be laid soon after the water main is installed, 
either sand or gravel is 


being salvaged and placed in stock for repair parts. e 
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Probably the most difficult problems occur at street intersections, for 
there are encountered all the various utility structures, such as electric, 
gas, telephone, and telegraph ducts as well as sewers and heating tunnels. 
In many instances these ducts are so close together that it is necessary to 
tunnel under them. In many cases it is also necessary to use such fittings 
as 45-degree bends or offsets to get around the ducts. The work at the 
intersections must be done in the shortest possible time to minimize inter- 
ference with cross traffic as well as to prevent too long a shut-off when the 
wet connections are being made. 

Since the mains in cross streets are usually very old, ranging in age from 
30 to 69 yr., trouble is sometimes encountered because of inadequate shut- 
off at the gate valves. On several such instances a rubber gasket, known 
as the ‘‘Hyde-ro Rubber Ring’’* was used to prevent the water from coming 
through the joint to be poured. In several instances, in connecting new 
and old pipe, however, there was a considerable difference in size of bell and 
spigot. The result was that the gasket would not fit tightly. A smaller 
sized piece of braided hemp was then driven into the V of the ring, expand- 
ing it and giving a watertight joint. 

The rubber gasket was also very useful in repairing a leaky joint in 
a 6-in. branch to a hydrant. This branch was connected to a 16-in. main, 
which in turn was connected to a 20-in. main. There was only a 16-in. 
gate valve between the 20-in. main and the 6-in. branch and this valve 
could not be shut tightly. To get a watertight shut-off, it would have been 
necessary to take the 20-in. main out of service cutting off water service to 
several large buildings in the downtown area. Since the pipes were in 
place, the solid ring could not be used, so a diagonal cut was made in what 
was to be the top. The old jointing compound and hemp was then cut out 
of the leaky joint and the rubber ring, with hemp in back of it, driven home. 
This held back the water while the joint was poured. Leakage through the 
l6-in. gate valve was about 3 gpm. Since these solid rings come in sizes 

only up to 12 in., however, the clay dam method is still being used on the 
larger sizes of pipe. 

On another occasion this past summer it was necessary to install a 20-in. 
sleeve on a line in which one of the 20-in. gate valves was not tight. Clay 
dams about 5 in. high were built in each pipe with a clay bridge to span the 
5-in. gap between the two pipes which permitted the water to flow from 
one pipe to the other and then out through a blow-off. The sleeve was 
then moved into position and the joint poured. The pipe was filled with 
water and the joints inspected for leakage before backfilling. The clay 
was flushed out through the blow-off. The joints were found to be perfect. 
This 20-in. gate valve was leaking at the rate of about 8 gpm. 


, + 3 
a 
5 Ol 
tele- 
ip- 
nd 
Ise 
nd 
ts, 
cd, 
-roduced and distributed by Ralph H. H i 


HERBERT IHLING 


A. 
1 
| 
¥ 
3 
= 
i 


Top 


Services; 


ist-Iron 


ab “onaitions Upon 
installed 1928 


and Center—installed 1887; Bottom 


Vi £40CH 


originally installed in 1872 


= 
VOL. 34, NO. 4] LAYING WATER MAINS 


vale Condition of Old Mains 


It has been possible to obtain a great deal of information relative to the 
condition of some of the old water mains in the downtown section. These 
§- and 8-in. mains were found to be especially clean inside, due to the high 
velocity of flow resulting from supplying the great demand for water 
through pipes of insufficient size. In streets upon which there were no 
trolley lines, there were few signs of electrolysis, but where trolley lines 
existed some sections of the old main at the intersections had to be removed 
because of excessive electrolysis. The walls of these pipes were so thin in 
places that one blow of a calking hammer could put a hole in them. In 
several instances more old pipe should have been removed and replaced 
but, due to a lack of funds and time, this was impossible. Additional gate 
valves, however, were installed in these old mains to reduce the length of 
shut-offs when future trouble might occur. 

In cutting into a 20-in. water main which dead-ended at the Milwaukee 
River, 7 in. of silt were found in the bottom of the pipe. A 6-in. blow-off 
was placed at the end of this main and it was cleaned by means of flushing. 


Backfill Material 


In other instances, the old mains had been backfilled with material of a 
destructive nature, such as ashes, cinders, marsh muck and other acid 
or alkaline soils. Pipe in this type of fill showed signs of corrosion, and, 
when this corrosion was serious, the pipe was replaced. The various types 
of corrosion discovered were scaling, pitting and graphitization. 

To protect the new pipe, either spent lime or limestone screenings were 
used with the sand or gravel backfill material. The spent lime, which is a 
by-product of the manufacture of acetylene gas, is placed in 2-in. layers at 
intervals of 24 in. vertically in the trench. This method is quite slow and 
difficult, so recently the pipe has been enveloped in limestone screenings, 
with a minimum of 6 in. of screenings over the top of the pipe. 

The advantages of the limestone screenings over spent lime are that it 
forms a complete protective covering for the pipe, that it is slowly soluble in 
water, giving it longer lasting qualities, and that a great deal of time and 
labor is saved. Further study and experiments are being made to deter- 
mine the advantages or disadvantages of limestone screenings as a regular 
cover for all future water pipes. 

Since all pipe cutting of existing mains is done by the city distribution 
crew, there has always been a good check on the condition of the old pipe. 
The men’s experience would tell them whether the pipe was “soft” or 
“hard,”’ by the ease or difficulty with which they cut through the pipe. A 
great deal of information relative to the condition of the pipe in the distri- 
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bution system can be obtained from distribution crews when they cut the 


pipe for repairing leaks, and from t 
new services. 


apping crews, when they make taps for 


Results Obtained 

Considering the many miles of new pipe laid and the thousands of joints 
poured, the number of leaks which occurred were so few as to be practically 
negligible. Only four or five leaks were experienced this summer in 12 
mi. of new mains and these occurred where wet connections were made and 
trouble resulted from leaky gate valves. During the last winter, however, 
there were about five or six leaks in new mains. These leaks may have 
been the result of improper heating of bells and spigots, and causing the 
joint compound to solidify before completely filling the joint. The fact 
that several of the leaks were at the side of the joint indicated this conclu- 
sion. Pipes were laid and joints poured when the temperatures were as 
low as 15°F. 

Leaks in joints as well as cracked pipe and fittings can be caused by 
improper filling of the new main. Water should never be allowed to rush 
into the pipe at full pressure. Rather, the main should be completely 
filled very slowly and all vents kept open until all air in the pipe has been 
displaced. Air under pressure in a pipe will cut through joints, especially 
if they are of a sulfur compound, for this material is somewhat porous at the 
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Madison’s New Watersphere 
By L. A. Smith 


HE Water Department of Madison, Wis., has recently put into 
operation a 100,000-gal. watersphere, 100 ft. high, to provide a more 
uniform pressure and a reserve for fire protection in its Nakoma area. 
This unique watersphere is a modern version of the elevated tank. It has 
a truneated cone base, 26 ft. in diameter at the bottom, tapering to 8 ft. 
at the top, and approximately 16 ft. high. This base cone supports a 
riser column 80 ft. high, with a base diameter of 8 ft. which tapers to a 
diameter of 6 ft. at the top. On this column rests the 30-ft. diameter 
watersphere. The steel plate employed varies in thickness from 3 to ? 
in. with the exception of the upper half of the sphere, which is fabricated 
of }-in. steel plate. The watersphere was designed and fabricated by 
the Chicago Bridge & Iron Co. : 
The tank is designed to serve an area in the western portion of the city 
which is too high for satisfactory service from a 6-mil.gal. high service 
reservoir which floats on the distribution system. The cost of the entire 
improvement, including land, watersphere, and 1,000 ft. of 10-in. cast-iron 
main, connecting it to the distribution system, was approximately $20,000. 
The city of Madison obtains its water supply from eleven deep wells, four 
of which are located in a group near a steam pumping station and the 
other seven at various points in the distribution system. These seven 
wells are known as unit wells and are self-contained pumping stations, 
including surface reservoirs and electrically driven pumps, pumping directly 
into the distribution system. 

Madison is located on an isthmus between two lakes, the normal eleva- 
tion of the water in the upper lake being approximately 845 U.S.G.S. 
datum. The eastern portion of the city, with the exception of a com- 
paratively small area near the lake shore, is rather low, varying from an 
elevation of 860 to 900 ft. On the other hand, the western portion of the 
city, in which the University of Wisconsin is located, is rather hilly, being 
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dotted with several terminal moraines laid down by retreating glaciers. 
Both Bascom Hall, the main hall at the university, and the Astronomical] 
Observatory are located on such moraines. eS ee 
Unsatisfactory Pressure Conditions ae 
Until about fifteen years ago, the Water Department operated under a 
direct pressure system, i.e., water was pumped from the wells directly 
into the mains on which pressures fluctuated widely with water used. 
This arrangement was unsatisfactory for five reasons: (1) Pumping ¢a- 
pacity had to be provided to meet maximum demands. (2) There were 
large fluctuations in pressure due to 
momentary peak loads. (3) Exces- 
sive water hammer conditions re- 
sulted from such closed system oper- 
ation. (4) Electrically operated unit 
wells did not operate at the highest 
points of efficiency. (5) The load 
factor on the plant was very poor. 
To remedy these conditions, in 
1926, a reinforced concrete reservoir 
of 6-mil.gal. capacity was built on a 
site of 1,056 ft. elevation, providing a 
maximum water level of 1,054.65 ft. 
This reservoir maintains adequate 
pressure to all parts of the city, with 
the exception of a comparatively 
small area with an elevation between 
960 and 1,000 ft. Originally, there 
were only 20 or 30 houses in this area, 
and a small electrically operated 


booster pump was installed to pro- 
Fic. 1. Stage of Construction Progress vide adequate service pressures. At 
July 10, 1941 

the present time there are in excess 

of 300 homes in this area, and in the interim additional booster pumps 
have had to be installed. At present two automatically operated booster 
pumps, one with a capacity of 325 gpm. and the other, 500 gpm., are in 
operation. The controls are so arranged that either one or both pumps 
can be put in service if necessary. This means that, previous to the 
installation of the watersphere, there existed in this area the same situation 
that formerly prevailed throughout the entire city; that is, there were 
large fluctuations in pressure and pressure was usually either too great or 
insufficient. Because of the satisfactory operation and adequate con- 
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sumer’s service in the balance of the city, resulting from use of the 6-mil. — 
gal. reservoir, it was deemed advisable to serve this area with an elevated — 
tank. A site of 1,015 ft. elevation was therefore selected. 

¥ 

Solution of the Pressure Problem 

A contract was let to erect, on this site, a 100,000-gal. elevated tank | 
in which the entire 100,000 gal. would be stored at an elevation of 1,115 ft., 
that is, 100 ft. above ground level. This was planned to provide a mini- — 
mum pressure of approximately 50 psi. in the entire area—sufficient for — 
adequate domestic service. A 10-in. pipe line encircling the district — 
was connected to the elevated tank by a new 10-in. line 1,000 ft. long. 


Fic. 2. Watersphere Assembly Progress—July 17, 1941 


The tank offers three advantages over the previous method of operation: — 
(1) It will assure maintenance of a uniform pressure. (2) It will provide 
a reserve for fire protection. (3) It will increase the efficiency of pumping, 
because the pumps will always operate at the highest point of the ef- 
ficiency curve. 

The people living at the higher elevations were in favor of elevated 
storage but wanted the tank at some other location than near their homes. 
This is a typical reaction under the circumstances. In such a case, the 
fair method of procedure is, of course, to select a location which will 
give the pressure required at the minimum cost. The site selected was at 
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Fic. 3. Upper Photos: Raising the Sphere—July 23, 1941; Lower Photos: (Left) Sphere 
in Place—July 23, 1941; (Right) Completed and Painted 
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The connecting link between the tank and the distribution system from 
this point was only 1,000 ft. long, so that the entire improvement, in- 
cluding the site, pipe line, watersphere, as well as engineering and con- 
tingent expenses, cost, as heretofore stated, only about $20,000. 

Obviously, the higher the elevation which can be found, the lower the 
cost of the elevated tank; and the shorter the pipe line that must be in- 
stalled, the lower the cost of the entire project. The problem, then, was 
rather simple, and the site selected was one which provided a reasonable 
elevation for the tank, as well as being fairly close to the 10-inch loop. 

In advertising for bids for the elevated tank, the contractors were 
notified that it was to be located in a residential district and, in conse- 
quence, must be an ornamental type. The watersphere selected cost 
approximately 6 per cent more than the best designed conventional tank, 
but was selected for three reasons: (1) It is considered a unique departure 


in tank design, something new to the public eye, and more pleasing in~ 


(2) From a practical point of view, the cost of maintenance 


(3) 


appearance. 
will be less, because less handwork in painting will be necessary. 


There are no legs to support the tank, so that youngsters playing in the — 


neighborhood cannot climb up the tank, with the chance of falling off. 

The Board of Public Works and the Common Council were, at first 
sight of the picture of the tank, concerned with the stability of the struc- 
ture. Therefore, a design was chosen which will safely withstand a wind 
velocity of 100 mph. 

Giving considerable thought to the appearance, it was decided to paint 
the watersphere in a carefully chosen combination of a green-gray-blue 
color, designed to provide harmonizing tints to blend in with the back- 
ground of trees and the sky. It was considered undesirable to paint the 
the name “City of Madison” on the side of the sphere, as it seemed that this 
would detract from its appearance, which is intended to be artistic in 
effect. The only lettering on the tank is on the top where an arrow pointed 
toward the airport is painted. 

The tank is equipped with all modern devices, including automatic aero- 
nautical lights, as requested by the Civil Aeronautics Authority; a cathodic 
rust prevention unit, to protect the inside of the tank from corrosion; and 
an automatic cone valve in the base of the tower, thus saving the cost of a 
special pit which would otherwise have to be built. It is provided with an 
automatic electrical control on the booster pumps, so that the range in 
ordinary operation is through a vertical height of about 8 ft. When the 
water recedes to 8 ft. below its maximum, the small booster pump starts 
automatically; and if it continues to recede, the larger unit also goes into 


service. Both stop automatically when maximum water level is reached. 


the opposite end of the district from the location of the booster pumps. — 
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Intermunicipal Co-operation in Fire 
Fighting. Emi F. Jarz. Pub. Mngmt. 
24: 46 (Feb. ’42). Excerpts. 
‘“‘Arrangements between two or more 
municipalities for the more effective use 
of available fire-fighting resources are 
desirable for at least two reasons: (1) to 
co-ordinate all equipment within certain 
‘target’ areas to prevent possible con- 
flagrations caused by bombing, sabotage, 
or other forms of attack; and (2) to avoid 
unnecessary expansion in personnel and 
equipment and thus avoid competition 
with the needs of the armed forces. 
Such arrangements are desirable in 
peace, as well as during war, and it is 
surprising that more than one-half of 30 
of the largest cities in the country have 
. not co-operated with nearby cities in 
working out detailed plans for ‘outside’ 
and mutual aid. 

“There are three forms of co-opera- 
tion: outside service, mutual aid, and 
joint departments. ‘Outside fire serv- 
ice’ refers to the dispatch of apparatus 
by a municipality to communities be- 
yond its boundaries, whether or not 
these latter units possess their own pro- 
tection facilities. Such aid is primarily 
one way rather than reciprocal and fre- 
quently there is no definite assurance of 
help to the outside agency. ‘Mutual 
aid’ applies to ‘response on a well-laid- 
out plan on signal from fire headquarters, 
and with the very definite knowledge 
that the response will be made.’ This 
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_—Water Pollution Research (British) ; I. M.—Institute of Metals (British). 
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second scheme is planned to work both 
ways, the communities in the compact 
agreeing to help each other in times of 
distress. Joint fire departments are 
those established by concurrent action 
or maintained and operated by the same 
personnel under one chief. 

‘‘Kighteen of the 20 states which con- 
tain the 30 municipalities surveyed have 
enacted a total of 41 laws authorizing 
intermunicipal co-operation in fire-fight- 
ing. Pennsylvania was first in 1917 with 
a law permitting second-class townships 
to receive aid from adjacent cities, town- 
ships, or boroughs. About ten statutes 
were enacted by these states during the 
Twenties, approximately 20 during the 
Thirties, and 8 in 1941. A 1941 Califor- 
nia law states that ‘worldwide conditions 
warrant emergency powers being ex- 
tended to public agencies within this 
state in order that they may come to the 
assistance of one another, thereby sup- 
plementing their own means of local 
defense.’ 

“Most of the laws on intermunicipal 
co-operation in fire-fighting deal with the 
problem of ‘outside fire service’ by one 
governmental unit to others. Maryland 
and Rhode Island have not legislated in 
this field. Explicit mutual aid provi- 
sions are found in only five states (Calli- 
fornia, Missouri, New Jersey, Ohio and 
Pennsylvania). A 1938 New Jersey law 
on ‘mutual emergency aid’ provides for 
a joint meeting of the contracting 
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municipalities and authorizes them to 
acquire ‘central offices, lands, buildings, 
and equipment’ to accomplish the pur- 
poses of the act. Six states provide for 
the joint establishment, maintenance, 
or operation of fire departments (Indi- 
ana, Michigan, Minnesota, Missouri, 

Ohio and Wisconsin). 

“The most liberal provisions are found 
in the recent California and New Jersey 
enactments which in effect authorize all 
governmental agencies within their 
boundaries to co-operate in fire protec- 
tion. 

“Most of the cities included in the 
study make no charge for outside fire 
protection service. Baltimore requires 
only that the municipality asking for 
help pay for any damages to equipment. 
The Buffalo fire chief may impose a 
charge or render service gratis, depend- 
ing on the particular circumstances of 
each request for aid. The cities which 
make a charge, most frequently fix a 
certain amount per unit of equipment per 
hour. The rates range from $20 for the 
first hour and $15 thereafter in Chicago 
to $150 per unit of apparatus for the 
first hour and $100 thereafter in Mil 
waukee, which also requires a deposit of 
$300 from each governmental unit. 

“Minneapolis, under a 1941 ordinance, 
charges $75 for the first hour for 
pumpers, ‘quads,’ and rescue squads; 
$65 for ladder trucks; and $100 an hour 
for water tower and certain other equip- 
ment. In addition, Minneapolis charges 
90 cents an hour for each fireman, $1.00 
an hour for each captain, and so on up 
to $1.95 for the chief engineer. There 
is also an annual fixed charge on the 
municipality receiving aid of $3 per $10,- 
000 valuation of real and personal prop- 
erty, with a minimum payment of $100. 
A similar survey by Cincinnati resulted 
in a charge of one mill per dollar of 
assessed valuation of the municipality 
receiving ‘outside service’ and a charge 
to fire protection districts of two mills 
per dollar of assessed valuation. Cin- 
cinnati also charges a preliminary fee of 
$50 and a flat annual fee of $100 to each 
municipality that enters into a contract 
for aid. 

“Portland, Ore., and Toledo, Ohio, 
charge $75 per hour for each piece of 
equipment and four cities (Detroit, 


“I~ 


ABSTRACTS 


607 


Rochester, St. Louis and St. Paul) charge 
$50 an hour. Columbus, Ohio, charges 
$50 per hour plus $1.00 per mile traveled. 
Columbus also has agreed to provide 
complete fire service to Bexley for $17,- 
000 a year, and Indianapolis guarantees 
Woodruff complete fire and police pro- 
tection for $7,000 annually. Neither 
Bexley nor Woodruff has its own fire 
department. 

“Ten cities provide that the fire chief 
may withhold aid for reasonable cause 
and that the city is not responsible for 
failure to respond. Minneapolis also 
reserves the right to withdraw equip- 
ment from an outside fire if needed 
within the city limits. Chicago will not 
send apparatus farther than 100 miles 
and Cincinnati sets an ‘outer protection 
line.’ Washington, D.C., has a similar 
rule. Nine cities require that response 
will be made only on receipt of alarm 
sent in by an officially designated in- 
dividual. 

“Mutual Aid Plans. Mutual aid is 
playing an important rdéle in the ‘Battle 
of Britain.’ Our large metropolitan 
areas, however, have been slow to put 
such a plan into operation. Only five 
of the 30 cities included in this study are 
parties to mutual aid plans. The 
mutual aid arrangements of the Boston 
region and the Westchester County 
Plan, including certain parts of the New 
York metropolitan area, are outstanding. 

“Boston and eleven other municipal- 
ities are joined in a mutual aid arrange- 
ment with fire alarm inter-connections. 
This plan, however, is but one of the 
mutual aid arrangements in the greater 
Boston area. ‘These agreements are not 
based upon one single plan but consist 
of numerous separate understandings. 
In all, 27 cities have connected their fire 
alarm systems to those of adjoining 
communities so that each department 
knows when a neighbor requires help. 
Apparatus is automatically dispatched 
to adjacent municipalities in conformity 
with printed assignment ecards. These 
cards ‘provide for joint response to 
borderline boxes and to additional or 
simultaneous alarms. They also provide 
for automatic covering of unprotected 
areas. The plan has been so successful 
that it has grown to cover an area of 270 
and protects 1,750,000 
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persons.’ Approximately 165 engine and 
hose companies and 81 ladder companies 
are co-ordinated for the protection of the 
region. 

“Within the metropolitan area of 
New York City, there has been in oper 
ation since 1931 the ‘Fire Chiefs’ Emer- 
gency Plan’ for suburban Westchester 
County. Forty-four of the 56 fire pro- 
tection districts of the County are in- 
cluded within the plan. The mutual 
aid plan has worked out very well 
because all departments know what to 
do upon receiving a call from another 
district. Each fire chief has on his desk 
a printed card, 19 by 24 inches, showing 
the apparatus, manpower, and other 
information about the departments 
from which the chief may have occasion 
to summon aid. Legal difficulties were 
removed by a state law of 1931, authoriz- 
ing local units to send fire companies to 
aid other towns and providing that any 
damage to or by apparatus shall be paid 
by the town requesting aid. A law 
passed in 1935 provides that the town 
which asks for aid shall pay specified 
sums for the injury or death of any 
fireman. 

“Court Decisions. The prevailing 
rule is that municipalities cannot exer- 
cise their powers beyond corporate limits 
without legislative authorization. Local 
charters or ordinances cannot in them- 
selves establish such a right. 

“Tiability. Indications are that a 
municipality with legal authority to 
send fire apparatus outside will be con- 
sidered as operating in governmental 
capacity and therefore not liable for 
injury or damage. Conversely it has 
been held that a municipality rendering 
outside aid without authority of law 
was performing a proprietary function 
and liable for damages. 

“Generally the courts will provide 
that firemen injured in outside service 
are eligible for compensation. More- 
over the municipality receiving help 
rather than the responding city is likely 
to be held liable for payments to injured 
firemen, particularly if it can be es- 
tablished that ‘a call’ for help was 
actually made. 

‘Most cities have been especially slow 
to develop mutual aid plans. Yet 
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bombing or sabotage may cause a con. 
flagration at any time. No city eap 
control a conflagration and at the same 
time protect its other properties without 
outside help. Moreover, metropolitan 
areas with numerous fire departments 
and alarm systems are the places where 
‘mutual aid’ is most effective if properly 
planned. Good practice requires a con- 
tract defining the terms under which 
mutual aid service will be given by each 
city and providing for the Habilities 
involved. If certain cities with serious 
hazards impose a heavy burden on neigh- 
boring cities, it may be wise to include 
a schedule of charges in the contract go 
that payments may be made to balance 
the situation. 

“Tn the administration of a mutual aid 
plan, the following points should be 
considered: the promptness with which 
aid can be received; amount and type of 
equipment available in the area; gsuit- 
ability of equipment for effective aid 
and the maximum amount of equipment 
which can be moved to help a neighbor; 
possibility of establishing zones and 
adopting a plan to ‘cover in’ apparatus 
moving to another city; study of possible 
conflagrations and how they would be 
handled; arrangements for the transmis- 
sion of alarms, for the use of standard 
hose couplings, and for the movement of 
equipment on first, second, and other 
alarms; and, finally, arrangements for 
holding frequent periodic drills in the 
different zones, these drills to approxi- 
mate actual conflagrations or special 
emergencies. 

“Several distinct advantages follow 
from well-established mutual aid plans. 
Inter-departmental alarm connections 
make reliance upon telephone communi- 
cation unnecessary. Unauthorized calls 
are eliminated. The response is not a 
matter of trial and error but rather ap- 
paratus is sent according to signals re- 
ceived. Special equipment can be sum- 
moned by proper indications. ‘Boundary 
line’ difficulties are removed since run- 
ning cards call out the nearest equip- 
ment no matter which municipal alarm 
system is used by the individual. Out- 
side departments are not reluctant to 
send help because they know that their 
own stations will be ‘covered in’ 
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by neighboring municipalities. Finally, 
multiple alarms under a mutual aid plan 
bring together a foree which can check 
the most dangerous fires before they get 
out of control.” 

[Eprror’s Nove: It is interesting to 
note that in the recent Lynn, Mass., 
apartment fire (reported in Fire Eng. 
95: 67 (Feb. ’42)), the Lynn Fire Dept. 
recieved assistance, totaling three en 
gines, three ladder trucks, and four en- 
gine companies, under a ‘‘mutual aid” 
plan, from seven neighboring towns and 
vities. Also a water tower was borrowed 
(not used) from the Boston Fire Dept.] 


Supplementing Water Supply for Fire 
Fighting. ANon. Wtr. & Wtr. Eng. 
Br.) 43: 269 (Sept. ’41). Ministry of 
Home Security recently announced Fire 
Council had approved $4,000,000 scheme 
for supplementing water supplies for 
fire fighting. Large supplies of steel 
tanks and special form of piping which 
ean be laid rapidly being obtained. One 
simple method of providing static sup 
plies is to use basements of bldgs. that 
have beeome untenable. Mastic as- 
phalt is material used for waterproofing. 
Material arrives at site ready for appli- 
eation and sets hard in hour or so. Has 
no toxie effect on water. Little prep- 
aration work called for. Will remain 
in position without any internal loading 
coat of conerete or brickwork. Danger 
to health from stagnant water not over- 
looked. Two simple remedies present 
themselves. Empty and_ refill with 
fresh water. Add a little oil which will 
seal surface of water. Of 30 different 
species of mosquitoes in Britain only 
one likely to breed in such tanks is 
Culex pipiens, which rarely, if ever, 
bites human beings. Unnecessary either 
to change water or oil surface unless 
presence of mosquito larvae observed. 
“Wrigglers’’ so easily recognized by 
unaided eye that task of examg. sus 
pected water may be, and has been, 
entrusted to intelligent child of ten. 
H. EB. Babbitt. 


Fire Protection? 
Eng. News-Ree. 
Studies made 


What Charge for 
CHARLES H. 


127: 643 (Nov. 6, 741). 
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many yr. ago showed that in very large 
cities actual cost of that part of system 
installed for fire protection amtd. to 
only 30% of total cost of physical plant, 
while in small towns reached as high as 
70%. Most evidence to effect that little 
change in these ratios. One of most 
favored methods of charging for fire 
protection service so-called ‘‘in-ft. and 
hydrant’’ charge. In this, total amt. 
to be levied detd., charge for each hy- 
drant (usually $10 per annum) deducted, 
and balance divided by no. of in-ft. 
(1.F.) units (main 8” in diam. and 100’ 
long = 800 I.F. units) to obtain proper 
charge for each such unit. When addnl. 
mains laid, same unit charge levied. 
Writer believes more proper method 
would be to charge on basis of ‘‘in-sq.ft.”’ 
(1.8.F.) units, as capac. varies more nearly 
as sq. of diam. Study indicated that 
water systems grow rapidly at first and 
then tend to taper off in growth when 
pop. approaches degree of normal satn. 
This suggests relationship with density 
of pop. Earlier studies showed that 


approx. relationship between density of 
pop. in thousands per sq.mi. (D) and 
I.F. units could be expressed by equa- 
tion: 


170 
I.F. units per capita = iveG) 
VD 


Recently, in course of study of methods 
to inter-connect water systems in north- 
eastern New Jersey, I.F. and I.8S.F. units 
computed for more than 150 municipal- 
ities. Eliminating some because of 
factors which made their use illogical, 
129 terms inserted in tabulation for 
computation by least squares and fol- 
lowing equations obtained: 


168.9 


J.F. units per capita = 
I I 


1128.6 


I.8.F. units per capita = 
28.76 

ydrants per 1, 0p. = ee, 

yarants pe po} D° 3373 


Eq. (2) gives virtually same resuits as 
(1) and, for all practical purposes, (1) 
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can be used. Similarly (3) and (4) may 
be simplified as follows: 


I.S.F. units per capita = -,—. .(5) 
D 

28 . 

Hyd:a.ts per 1,000 pop. = -;,=. . (6) 
VD 


Eqs. (5) and (6) helpful in comparing 
systems of various cities. In using 
(5), transmission main facilities should 
be omitted in order to obtain true picture 
of conditions. Ordinarily, all mains 
within munic. boundaries considered 
part of distr. system unless: (a) used in 
some measure to supply ocher munic 
ipalities; (b) no take-offs for distr. pur- 
poses; or (¢) wholly used for connecting 
sources of supply. Plotting of I.S.F. 
units on chart on which insurance class 
or rating established by Natl. Bd. of 
Fire Underwriters or Schedule Rating 
Office are also indicated shows good 
correlation, particularly in classes A, 
B and C. As result of considerable 
study, following allocation of charges 
for protection service suggested : 


PERCENTAGE OF TOTAL FIRE 


PROT! TION CHARGE 
7 : For supply to | For supply to 
one muni more than one 
cipality municipality 
1.S.F. units 90 65 
Hydrants... LO 10 
Population 25 


Advantage of such arrangement is that 
extensions immediately yield some rev- 
enue regardless of whether or not new 
consumers obtained. Application to 
specific case outlined. In case of supply 
to more than one municipality, levy of 
25% of total on basis of pop. merely 
assures reasonable return corresponding 
to risk encountered with respect to size 
of mains.—R. FE. Thompson. 

Fire Protection Charges, 1940. ANon. 
W.W. Inf. Exch.—Can. Sec. A.W.W.A. 
4: B: 5: 13 (Dee. ’41). Fire protection 


(J. A. W. W.A, 


charges in member municipalities during 
40 tabulated, data given, including no. 
of hydrants, total charge, basis of 
charge, amt. per hydrant and amt. per 
capita. Hydrant rental basis of charge 
in 66 municipalities and hydrant rental] 
plus other charges in 3; annual sum paid 
in 18 and no charge made in 23. In 
communities making fire protection 
charge, charge per hydrant varies from 
$1.15 to $100.00 and avgs. $37.85, while 
charge per capita varies from $0.03 to 
$3.05 the avg. charge per capita being 
73.4¢.—R. E. Thompson. 


Hydrant Maintenance Costs. ANov, 
W.W. Inf. Exch.—Can. Sec. A.W.W.A. 
4: B: 3:7 (Sept. 741). Compilation of 
cost of hydrant maint. in 56 Canadian 
municipalities, taken to inelude repairs, 
flushing and inspection. Cost varies 
from $0.60 to $50 and avgs. $6.11.—R, 
E. Thompson. 


Fire Prevention and Fire Fighting in 
Chemical Plants. H. B. Surrer. Fire 
King. 93: 603 (Dec. ’40). Article con- 
tains information of value to water 
works. Gases in cylinders become dan- 
gerous in fires even though equipped with 
safety fusible plugs. Acetylene and 
oxygen would tend to increase intensity 
of fire, while others like SOc, NH, and 
Cl provide real danger due to their 
irritating and poisonous fumes. Even 
non-poisonous fumes cause death by dis- 
placing oxygen from air. A great many 
liquids such as certain acids, benzol, 
carbon disulfide, carbon tetrachloride, 
bromine and metallic mercury give off 
dangerous fumes which 
greatly increase when their temps. are 
raised. Among commonly used flam- 
mable solvents are: acetone, alcohol 
(various kinds), amylacetate, benzin 
(petroleum ether), benzol (benzene), 
carbon disulfide, ether, gasoline, xylene. 
Precautions given for storage of various 
dry chems., calcium carbide—keep away 
from water, heats and gives off poisonous 
flammable gas; potassium chlorate 
keep away from acids, organic matter 
and ammonium salts, take great care in 
handling as dangerous explosions liable 
to occur when heated or subjected to 


poisonous 


st 
fr 
ce 
ti 
in 
D 
m 
pl 
pi 
gr 
~ of 
M 
: fu 
to 
pl 
pl 
F 
a Ci 
lr 
bl 
m 
ky 
tu 
of 
ar 
by 
ra 
4, 
ce 
ge 
vi 
ec 
lis 
fr 
of 
to 
co 
m 
H 
ca 
be 
in 
de 
ca 
ur 
be 
| 


ring 
no. 

of 
per 
irge 
ntal 
aid 

In 
tion 
rom 
hile 
to 
‘ing 


VOL. 34, NO. 4] 


concussion, or mixed with organie sub- 
stances as cork, dust, charcoal, ete.; 
potassium permanganate—keep away 
from all organic liquids, especially gly 
eerine and aldehydes, handle with cau 
tion as explosions can occur if brought 
into contact with organic or other readily 
oxidizable substances, dry or in soln. 
Dangerous accumulations of static elec- 
tricity can be avoided by grounding all 
metal tanks, ete., to water pipe; all 
pulleys, shafting, belts and other moving 
parts of machinery should also be so 
grounded. Bul. 368 “Statice Electricity” 
of U.S. Dept. Commerce, Bureau of 
Mines, mentioned as good source for 
further information. Always desirable 
to catch fire in its ineipiency; for this 
purpose fire extinguishers should be 
placed readily aeccessible.—Martin E. 
Flentje. 


Gas Explosions in Buildings: Their 
Cause and Prevention. D. J. PARKER 
C. W. Ow1ncs. U.S. Bureau Mines 
Inf. Cire. No. 7142R (Oct. 41). In past 
8 yr. gas explosions in public and private 
bldgs. have cost 300 lives and injury to 
many others. Many gas consumers lack 
knowledge of explosive property of this 
fuel. Natural gas tasteless, 
often nearly odorless, lighter than air 
and nontoxic, except when CO formed 
by incomplete combustion. Explosive 
range when mixed with air is from about 
4.80 to 15.00%, i.e., if natural gas per- 
centage is below 4.80 or above 15.00, 
gas-air mixt. is non-explosive, most 
violent at approx. 9%. Gas mfrd. from 
coal has characteristic odor, is somewhat 
lighter than air and CO content runs 
from 6 to 12%, 10% believed avg. Conen. 
of CO in air of 0.05% causes slight symp- 
toms, 0.20% definitely dangerous. Many 
companies furnishing natural gas add 
malodorants to make free gas noticeable. 
History given of numerous explosions 
caused by gas (these having occurred in 
both public and private bldgs.), inelud- 
ing discussion of explosion in school at 
New London, Tex., in 737 resulting in 
death of 294. In most cases, explosion 
caused by trapping of escaping gas in 
unvented or unventilated subfloor cham- 
bers. An investigation made in Butte 
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and Great Falls, Mont., disclosed 34 of 
16 bldgs. inspected in Butte and 18 of 
the 20 inspected in Great Falls had un- 
ventilated subfloor chambers. Numer- 
ous recommendations made for preven- 
tion of such explosions, among them are: 
(1) it is poor practice to have discharges 
of unobstructed, open and unvented 
drainage systems within bldg.; (2) sub- 
drainage pipes discharging into catch 
basins or sumps should be extended be- 
low water level to form water seal at all 
times; (3) sumps and eatch basins should 
be vented to top and outside of bldg. 
and, wherever possible, should discharge 
directly into storm sewers—they should 
also be in conerete vault outside of bldg. ; 
t) all openings in basement walls below 
ground level through which pipes, con 
duits, cables, ete., enter bldg. should be 
sealed to keep gas from following them 
into bldg.; (5) bldgs., ineluding steps 
leading to them, should not have closed 
underground spaces, but, where such 
spaces exist, floor and walls should be 
made as nearly gastight as possible; 
(6) pipes running across such spaces 
should be enclosed in conerete tunnels 
or sealed tightly where they pass through 
walls; (7) spaces in bldgs. below ground 
level should be adequately ventilated, 
preferably by mechanical means; (8) 
during constr. or inspection as to gas 
troubles, dark spaces should be illu- 
minated by permissible  flashlights— 
smoking, lighting of matches, or use of 
other open lights should be prohibited; 
(9) sewers should not be directly under 
bldgs. unless at least 25’ of solid strata 
separate top of sewer from lowest part 
of bldg.; (10) whenever odor of gas de- 
tected, electric switches should not be 
turned off or on, but eleetrie current 
shut off at some safe point beyond sus 
pected area, and matches or other 
sourees of flame should not be allowed 
near rooms or areas from which odor 
emanates; (11) ‘‘good housekeeping”’ 
should be order of day—all inflammable 
materials, such as grease, oil, paints, 
floor dressing, turpentine, and alcohol 
should be kept in fireproof lockers, and 
oily rags and waste should be burned 
after use or kept in fireproof containers. 

Martin E. Flentje. 


5 


| 
ON, 
| Of 
ian 
irs, 
ries 
-R, 
in 
‘ire 
on- 
ter 
- 
ith 
nd 
ity 
nd 
elr 
‘en } 
is- 
ny 
ol, 
le, 
off 
ch 
ire 
m- 
‘in 
us 
us 
er 
in 
le 
to 


The Control of Cross-Connections. G. 
A.H. Burn. Can. Engr. —Wtr. & Sew. 
79: 5: 15 (May ’41). Cross-connection 
problem dealt with from every angle, 
with particular reference to conditions in 
Ontario. In addn. to cross-connections 
with auxiliary supplies for fire and indus- 
trial purposes, there are hazards of im- 
properly designed plumbing fixtures and 
emergency arrangements at water works 
itself, such as auxiliary intakes from 
pold. sources and bypasses around purif. 
units. Studies by Gorman and Wolman 
(Jour. A.W.W.A. 31: 225 (’39)) and by 
Am. Pub. Health Assn. have shown ex- 
tent to which cross-connections have 
been involved in water-borne disease 
outbreaks and many prominent assns. 
active in san. field have adopted resolu 
tions disapproving cross-connections un- 
less adequately protected. Refusal of 
U.S. Publie Health Service to certify 
supplies except under same conditions 
has aided in ecross-connection elimina- 
tion. Many states adopted regulations 
for control of cross-connections and some 
cities have even more stringent regula- 
tions. In Canada, Ont. adopted such 
legislation in ’21 and Que. in ’34.  Pro- 
tective devices include double check 
valves, automatic start-and-stop chlori- 
nators, tanks with inlet above overflow 
level, swing joints, 4-way stopeocks and 
double shut-off valves on each supply 
with bleeders between. Arrangements 
which depend on zeal of employees of 
plant concerned are dangerous. Main 
features of Ont. regulations outlined and 
discussed. If source of private supply 
cannot be approved as of satisfactory 
quality or satisfactorily protected for 
domestic use, there are 3 alternatives: 
(1) treatment of auxiliary supply; (2) 
abandonment of auxiliary supply and 
installation of overhead tank filled from 
muniec. system, or (3) disconnection of 
munic. supply. Following survey in ’24, 
corporations with auxiliary supplies re- 
quested to make necessary changes. 
Strong objections received from under- 
writers’ assns. with result that, while 
installation of double check valves pro- 
ceeded satisfactorily, same degree of suc- 
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cess has not been achieved in elimination 
of cross-connections which were in exist- 
ence prior to passage of legislation. If 
munic. supply system reliable, eliming- 
tion of undesirable cross-connection jus- 
tified, but where supply not reliable may 
be necessary to permit cross-connections 
under rigid system of inspection, in 
which case munic. supply must be im- 
proved so as to enable elimination of 
cross-connections as rapidly as possible. 
All plants with private water supplies 
should be inspected regularly. Ont. 
regulations require that various piping 
systems be painted distinctive colors.— 
R. E. Thompson. 


Procedure for the Survey and Elimina- 
tion of Cross-Connections. kh. V 
BeVier. Ohio Conf. Water Purif., 20th 
Ann. Rept. (’40) p. 87. In previously 
unsurveyed cities, cross-connections will 
be found in practically every bldg. hav- 
ing private supply. Surveys should be 
undertaken under direction of water 
works supt. or other responsible official 
of dept. Essential that city officials be 
advised of reasons for such survey in 
order that their co-operation is assured. 
Newspaper publicity and form letters to 
plants to be visited explaining purposes 
of survey desirable. This should be fol- 
lowed by interviews with officials of 
plants concerned. Knowledge of size 
and location of services to bldg., avg. 
consumption, ete., should be obtained 
from records before visit is made. Data 
re: location of city lines and meters, 
private supplies, provisions for storage, 
principal uses of water, ete., should then 
be obtained by investigation and _ re- 
corded on sketch of piping system. Ap- 
proved methods for making public 
supply available to piping system con- 
veying water from another source in- 
clude: (1) storage facilities with inlet 
above el. of overflow; (2) swing elbows, 
(3) removable connection, provided with 
seal placed by water works official, which 
must not be used without notifying 
dept; and (4) 4-way plugcocks. Latter3 
cannot be used when there is elevated 
storage. State Dept. of Health must 
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approve plans for establishment or 
maint. of cross-connection. Discussion. 
Ibid. p.89. R.W. Furman: Specific case 
usually necessary to arouse interest of 
citizens and officials in cross-connection 
elimination program. Large corpora- 
tions usually co-operate fully in such 
program and principal difficulty encoun 
tered in locating small installations seat- 
tered throughout city. On2oceasions in 
Toledo, cross-connections resulted in 
presence of objectionable amounts of 
ammonia in city water. In one case, 
area affected was about 6 blocks square, 
source of contamn. being beverage room, 
and in other, in which area of 15 blocks 
was involved, electro-plating establish- 
ment wastoblame. In anotherinstance, 
supply to factory at end of remote 8” 
main suddenly acquired color of strong 
tea and anal. disclosed presence of potas- 
sium dichromate and 7,500 ppm. eal- 
cium chloride. Owing to short duration, 
3 such contamns. occurred before trouble 
was located in adjoining coal yard at 
which calcium chloride was applied to 
coal for dust prevention by means of 
compressed air spray from large closed 
tank. New employee had neglected to 
close valve in water supply line. Survey 
has been made as part of W.P.A. project, 
some 150 plans having been prepared and 
changes found necessary in almost every 
case, and work is being continued by full- 
time engr. of water dept. Jbid. p. 91. 
W. R. LaDue. * Elimination of cross- 
connections in Akron handled by div. 
responsible for large industrial meters. 
Before elimination program commenced, 
about 20 engrs. from larger companies 
invited to water dept. office for discus- 
sion of problem. Policy worked well and 
of 50 eross-connections discovered, all 
but 2, now in process, have been elimi- 
nated. Costsinvolved have ranged from 
a few dollars to $30,000. In one of 
remaining cases, cost may be $100,000. 
Regulations of dept. regarding cross- 
connections given. Largest companies 
in city expended as much as $4,000,000 
on private supplies. Close inspection 
maintd. on services where cross-connec- 
tions have been broken and it has been 
found necessary to make such inspections 
at irregular intervals so that consumer 
will not know when to expect visit. 


Penalty of temporarily disconnecting 
city supply has corrected tendency on 
part of some to restore connections. 
Meter and turn-off men required to make 
occasional inspections for unauthorized 
connections and water is not supplied to 
new services until piping has been in- 
spected for possible cross-connections.— 
R. E. Thompson. 


A Check on Cross-Connections. Lron- 
aRD A. BeroamMan. W.W. Eng. 94: 
1137 (Sept. 10, ’41). In response to re- 
quest of N.Y. State Dept. of Health, 
Div. of Water of Buffalo organized and 
conducted surveys to det. extent of 
cross-connections in city. Since Feb. 
3, '41, 640 inspections made, 131 cross 
connections found, and 103 corrected in 
accordance with state san. code. Crew 
consisting of chief of inspection staff, 
one master plumber, and another man 
experienced in such surveys, makes in- 
spections in presence of plant’s maint. 
personnel during working hours of plant. 
In those sections where violations less 
probable, affidavit form presented in 
lieu of inspection. When this signed, 
responsibility placed upon consumer. 
State code places responsibility, in see- 
ing that cross-connections with non- 
potable supplies be prevented or elimi- 
nated, on officials in charge of potable 
supply, which usually is publie supply. 
Aim on all auxiliary supplies to have 
each supply independent of other by 
eliminating all phys. connections with 
city water. Found that: Most of viola- 
tions caused by ready-to-serve city water 
supply being connected to secondary 
supply for emergency purposes without 
proper protection against contamg. pub- 
lie water system. Approval for cross- 
connections granted only when each 
supply made independent of other.— 


P.H.E.A. 


Cross-Connections to Steam Boilers. 
R. F. Goupry. W. W. & Sew. 87: 365 
(Aug. °40). Program for elimination of 
cross-connections to steam boilers at Los 
Angeles described. Proved successful. 
Practical, economic, and san. objections 
to boiler cross-connections discussed 
quite fully; practical methods for their 
elimination given.— Ed. 
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Plumbing Systems for Defense and 
Low-Cost Housing. ANon. Architec- 
tural Rec. 90: 91 (Nov. 741). Presents 
brief simplified safe stds. for plumbing 
practice advocated by U.S. Dept. Com- 
merce, Natl. Bureau Stds. (BMS 66). 
Purpose of latter to reduce quants. of 
materials required, hence costs. Apply 
only to 1- and 2-story residential bldgs. 
Assumes adequate supply of potable 
water and satisfactory sewage disposal 
facilities available. Pipe-size selection 
should be governed by no. and type of 
fixtures supplied; length of piping and 
friction loss of fittings; probable redue- 
tion in diam. by corrosion, depending on 
water anal. and piping materials. Mate- 
rials selection should be detd. by anal. of 
water. Use ferrous piping for slightly 
and moderately corrosive water in cold- 
water systems, and for slightly corrosive 
water in hot-water systems. Use non 
ferrous or lined piping for corrosive cold 
water, or moderate to corrosive hot 
water. Lead piping not to be used until 
detd. that no poisonous lead salts pro- 
duced by contact with specific water. 
Avoid electrolytically productive com- 
binations. Similar details given for in- 
stallation and hot-water supply system. 
Points amply illustrated with tables and 
diagrams. Drainage diagrams shown 
and 21 definitions given. Drainage pip- 
ing selection, installation and practice 
elaborated upon under headings: soil and 
waste lines (traps, cleanouts, piping); 
installation (support, changes in direc 
tion, drilling and tapping, protection 
from breakage, joints and connections, 
obstructions); vent piping diagrams and 
definitions.—Ralph E. Noble. 


State Plumbing Code, Maine. Dept. 
of Health & Welfare (’40). New plumb- 
ing code comprises amendments to rules 
and regulations relating to plumbing 
adopted by Advisory Council of Health 
and Welfare, approved Sept. 26, 34, and 
amended Aug. 26, 37, as provided by 
Public Laws of ’33. Regulations to be 
known henceforth as state plumbing 
code. Code complete, defining materials 
and practices of plumbing and requiring 
adherence to detailed specifications for 
installation of fixtures and piping, 
whereas former regulations provided 


[J. A. W. W. A, 


only for inspections, permits, and liceng- 
ing of plumbers. Pilot drawing of Maine 
plumbing included.—P.H.E.A. 


Control of Plumbing and Raising of 
Plumbing Standards. W. EK. Jameson. 
Tex. W. W. Short School. 22: 29 ('40). 
Plumbing deals with health not bldg. 
constr., and enforcement of codes should 
be vested in board of health. In smaller 
towns with no inspectors, ordinances not 


enforced due political reasons.— 
O. M. Smith. 
Hospital Plumbing. ANoNn. Sanitar- 


ian. 3:90 (Sept. ’40); Weekly Bul., Ore. 
State Board of Health (June 18, 740), 
Survey of Ore. hospitals revealed many 
having hazardous plumbing discrepan- 
cies of various kinds. Complete re- 
modeling out of question, but water 
supplies can be protected by making 
necessary changes and including such fix- 
tures as vacuum breakers. Air gaps will 
be provided and cross-connections elimi- 
nated. Polg. materials peculiar to hos- 
pitals discussed in relationship to their 
effect on drinking water. Special fix- 
tures included in hospital equip. which 
lend themselves readily to plumbing er- 
rors included in report, and corrections 
necessary given. Air-conditioning and 
refrigerating equip. and water-operated 
elevators also considered. Vents, traps, 
and floor drains, unless installed properly 
and in correct size, aggravate problem. 
Fixtures should not permit even slightest 
possibility of back-siphonage. Inspece- 
tion and correction of the Ore. maternity 
homes and hospitals will insure safety 
of mothers and babies utilizing institu- 


tions.—P.H.E.A. 


What Size Pipes? ANon. Domestic 
Eng. 159: 54 (Feb. ’42). Condition of 
piping and length of service important 
factors in detg. pipe sizes for water distr. 
systems in bldgs. BMS-79 report says: 
beeause of many variable factors, not 
practical to specify min. diam. require- 
ments for water supply pipe lines. Ex- 
cept for fixture branches, sizes for any 
bldg. should be detd. from estd. peak or 
max. demand therein. Estd. pipe 
eapacs. should be based on particular 
conditions including available service 
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pressure, el. of highest fixtures above 
street main, and avgd. est. of effects of 
water on capac. of pipes in service. 
Min. sizes of fixture supplies standard- 
ized for Federal use (Fed. Spec. WWP- 
41a), logically applying to fixture 
branch connecting to fixture supply. 
Fsts. of total max. water demand for 
any no. of fixtures, same or different 
kinds, made by applying relative load- 
producing values for different fixtures 
and occupancies, and computing prob- 
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ability of overlapping demands; appar- 
ently with greater accuracy than that of 
bldg. supply systems capac. after several 
yr. services. For complicated bldg. 
water supply systems, design or piping 
layout and selection of material and 
pipe sizes should be delegated to experi- 
enced engrs. Present knowledge in- 
complete regarding effects of different 
waters on pipe capacs. in service for 
accurate est. of bldg. water supply sys- 
tems capacs.—Ralph E. Noble. 


LABORATORY METHODS—EQUIPMENT AND 


On the Precision of Estimates From 
Systematic Versus Random Samples. 
James G. OssporNneE. A_ Discussion. 
Science. 94: 584 (Dec. 19,’41). Sampling 
eff. increased by greater use of stratified 
random selection. Knowledge of pop. 
and judicious choice of strata sampled 
often permits reductions in variation 
incident to ests. of pop. parameters. 
Eff. gains limited, however, by (1) ex- 
tent of stratification, (2) size of sample 
and addnl. cost of selecting strata ob- 
servations, and (3) requiring at least 2 
observations selected at random in 
each stratum sampled. Latter (3) ap- 
parently inconsequential but has serious 
effect. U.S. Forest Service must make 
many ests. in areas, then est. latter. 
Uses line-plot and strip methods of 
sampling, i.e., evenly spaced plots along 
evenly spaced lines observed or, evenly 
spaced strips used as plots. Such selec- 
tion does not meet requirement of in- 
dependence and randomness, or provide 
valid est. of sampling errors when ran- 
dom sampling formulas used. Impor- 
tant, therefore, to know effect on pre- 
cision of sample ests. by requiring at 
least 2 observations selected at random 
in each stratum. To answer question, 
tests of cover type ests. resulted in eff. 
gains, often more than 100%, due to fact 
great bulk of pops. in biological and 
social-science investigations not segre- 
gated into well-defined strata homo- 
genous within borders, but vary con- 
tinuously as els. or fertility levels in 
field. Sampling in many pops. in place 
or time reduces to estg. ordinates, or 
detg. integral of single-valued con- 


tinuous curve. Thus, uniformly spaced 
observations will yield better representa- 
tion of curve than will those restricted 
only to extent when abscissae range of 


n 
curve divided into > equal parts, 2 of 


n observations fall in each. Gain in 
accuracy, as measured by expected 
variation among systematic sample 
totals or means, arises also from usually 
high correlation among them. Thus, 
when results of single sample, so se- 
lected, available, results of any other 
such sample predictable with consider- 
able precision. Author gives technical 
(math.) procedures to produce an est. 
of precision of such prediction.—Ralph 
E. Noble. 


Particle Size Determination by Sedi- 
mentation. Kari KAMMERMEYER AND 
J. L. Brnper. Ind. Eng. Chem.—<Anal. 
Ed. 18: 335 (May 741). Sedimentation 
methods permit high deg. of differentia- 
tion between particle sizes of granular 
material when ordinary sereen anal. 
does not suffice. Where change in pres- 
sure measured with manometer as sus- 
pended material settles out, difficulties 
arise in reading meniscus and evaluating 
data, leading to appreciable inaccura- 
cies. Method also fails for large particle 
sizes. Apparatus here deseribed permits 
suspension of particles as large as 32- 
mesh (ca. 500 microns diam.) in S.A.E. 
10 oil as suspending medium. Settling 
tube large enough to permit introduction 
of motor-driven stirrer. Spoon gage, 
made by elongating thin-walled tube and 
then flattening on one side, thin enough 
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that pressure of few mm. 
_ of Hg noticeably deflects pointer, move- 
_ ment of which amplified by optical sys- 

tem. Pointer deflections converted to 
pressure changes by calibrating gage. 

After constructing accumulation curve, 

particle size distr. curve obtained in 

usual manner. Since given liquid height 
= corresponds to definite position 
of pointer, final position, corresponding 
- to complete settling, can be caled. after 
bulk density of material detd. Experi- 
ence of authors shows that apparatus 
more convenient in use than usual type, 
and particle sizes can be measured with 
it that are impossible to measure with 
manometer type.—Selma Gottlieb. 

An Apparatus for Obtaining Water From 
Different Depths for Bacteriological Ex- 
amination. C. H. Mortimer. J. Hyg. 
(Br.) 40: 641 (’40). Describes apparatus 
used for taking samples of lake water 
from various depths for bact. exam. 
Sampling bottle, filled with air, clamped 
into framework and _ provided with 
rubber stopper carrying one long and 
one short tube. Free end of short tube 
bent into double loop to prevent entry 
of water as bottle drawn to surface. 
Before bottle lowered, ends of tubes 
closed by bent glass link. When bottle 
lowered to desired depth, messenger 
weight sent down cable releases spring 
which pulls out glass link and allows 
water to enter bottle through the long 
tube and air to escape through short 
one. Second bottle to obtain sample 
for detn. of dissolved oxygen may be 
fitted to apparatus.—W.P.R. 


A Separating Buret. D. B. lokuev’- 
son. Lab. Prakt. (U.S.S.R.) 16: 11: 
31 (40). Buret for quant. detns. in 
which aliquot part of soln. anald. con- 
sists of 100-ml. graduated cylindrical 
tube with ground stopper, 0.1-0.2-ml 
seale divisions and stopcock at 60-65 
ml. level. Good results obtained in 
detns. of calcium, magnesium, mag- 
nesium oxide, alumina, ete., as well as 
in detns. of hardness in drinking water 
according to method of Pfeifer-Wartha. 
In this detn., neutralize 50 ml. of water, 
heat, add Pfeifer’s reagent, heat, cool, 
transfer into -~ separating buret, add 


distd. water to 100 ml. and shake. Let 
ppt. settle and decant 50 ml. of clear 
soln. Settling saves time and is mope 
accurate than filtration.—C.A 


Modified Photoelectric Photometer for 
Colorimetric Determinations in Water 
and Sewage Laboratories. WiLLiam JP 
HATFIELD AND GEORGE E. 
Ind. Eng. Chem.—Anal. Ed. 13: 
(June ’41). Photoelectric photometers 
commercially available costly and not 
well adapted to long tubes needed jp 
water and sewage work. Models de. 
scribed, of vertical beam type, can be 
built for $26 for single-cell unit, or $69 
for balanced cell unit, more convenient 
in operation. Results equally satisfae- 
tory with both models. Complete diree. 
tions for constr. given, including wiring 
diagrams and dese ription and cost of 
parts. Instruments calibrated for each 
type of detn. with color standards prepd, 
according to Standard Methods, resulting 
transmission curves replacing all color 
standards. Photometer found suitable 
for detn. of turbidities over 10 ppm., 
pH, ammonia, nitrite and nitrate, fer- 
rous and total iron, residual chlorine 
and even to detn. of iodine in D.O. and 
B.O.D. tests.—Selma Gottlieb. 


A Slide Rule for Calculating Degree of 
Oxygen Saturation in Water Samples 
A. A. Hirscu. Sew. Wks. J. 12: 1124 
(Nov. 740). Slide rule for computing 
percentage oxygen satn. of water when 
dissolved oxygen, temp., salinity, and 
barometric pressure known. Seales re 
produced in such form that they may be 
photostated and glued to inexpensive 
slide rule for convenient use.—P.H.E.A, 


Laboratory Studies of Methods for 
Cleansing of Eating Utensils and Evalu- 
ating Detergents. W. GiLcREAs AND 
J. E. O’Brien. Am. J. Pub. Health. 
31: 143 (Feb. ’41). In preliminary 
studies, glasses heavily contamd. with 
Esch. coli, or haemolytic streptococci, 
found to be practically sterilized by 
washing at 100°-110°F. and rinsing at 
170°F. without chem. treatment. Most 
of paper taken up with description of 
apparatus and technique to test eff. of 
action of detergents. Microscopic slides 
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ysed instead of drinking glasses, metal 
tanks resting on elec. hot plate used for 
washing and rinsing operations. Rock- 
ing device operated by elec. motor used. 
Two media for testing influence of liquid 
soils used, one mainly protein and fat 
and other fats and oils. Cleanliness of 
slides after action of detergent measured 
by a photoelee. colorimeter. Ratio of 
median reading of washed slides to that 
ef control slides taken as “cleansing 
index’’ of detergent. Paper must be 
consulted for method of working and 
exact details. 36 detergents studied, 
including proprietary products and basic 
detergent materials, and using both 
liquid soils. Waters of various hardness 
employed. Water temps. used for rins- 
ing were 2 min. at 120°F. and 1 min. in 
clean water at 160°F. Authors suggest 
that technique enables detergents to be 
evaluated and std. technique should be 
established.—B.H. 


Researches of Mellon Institute 1940-41- 
{von. Am. Chem. Soe.—News Ed. 
19: 392 (Apr. 10, ’41). Progress in 
Research on Waste Pickle Liquor Utiliza- 
tion. Fellowship of Am. Iron and Steel 
Inst. (W. W. Hodge, advisory fellow) 
studied chiefly more promising process 
for treating waste pickle liquor. Lack of 
adequate markets for recovered iron 
salts drawback to many proposed treat- 
ment processes. Application of cop- 
peras and lime in water purif. and of 
chlorinated copperas, ferric sulfate, 
ferrie chloride and certainly recently 
developed ‘‘ferri-gels’’ in sewage treat- 
ment appear to be receiving increased 
favorable attention. Fellowship has co- 
operated with san. engrs. of U.S. Public 
Health Service and with state and munic. 
health organizations. Work of fellow- 
ship has resulted in better pickling opera- 
tions in many steel companies, with 
better acid utilization and smaller quant. 
discharged as waste, and in further 
studies on waste treatment by steel 
companies themselves. Estd. annual 
production of corrosive waste pickle 
liquor in U.S., 500 to 800 mil.gal. New 
Plastic Parts for Meters. Pittsburgh 
Equitable Meter Co. fellowship (R. L. 
Wakeman) has developed special lami- 
nated phenolic-type water-meter disk 
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for hot-water meters and has studied 
operation of hot-water meters. Nutri- 
tion and Dental Caries. Fellowship of 
Buhl Foundation has coneluded that 
pre-eruptive influences are dominant 
in subsequent susceptibility of teeth to 
caries. Fluorine in diet of rats during 
pregnancy and lactation produced teeth 
in young with increased resistance to 
caries. Enamel not mottled. Fellow- 
ship introduced new methods of causing 
experimental mottled enamel in molars 
of rats by direct feeding of fluorides to 
sucklings. [Details not given.| Fluo- 
rine plays prominent part in caries pre- 
vention in pre-eruptive nutrition of 
rats. Supporting data from human 
caries, establishing, with certainty, 
mode of action of fluorine and delimiting 
dosage, needed before such a practice 
can be introduced sueccessfully.—Selma 
Gottlieb. 


Laboratory Service for the Water Works 
Systems of Ontario. A. EK. Berry. 
Can. Engr.—Wtr. & Sew. 79: 6: 66 (June 
41). Provincial dept. of health operates 
extensive lab. service for examn. of both 
public and private supplies. In addn. 
to main lab. in Toronto, 6 branch labs. 
perform bact.examns. Sterilized bottles 
in mailing cartons provided, samples 
being forwarded without icing. Routine 
examn. consists of detg. coliform bacteria 
only. To avoid use of technical terms 
as much as possible, results reported as 
smallest amt. of water contg. organisms. 
Arbitrary classification also employed 
Grade A being colon-free and D contg. 
heavy poln. Exptl. lab. maintd. for 
special investigations and for aiding 
municipalities in their problems. Owing 
to widespread services provided, mu- 
nicipally owned labs. not numerous in 
Ont.—R. E. Thompson. 


Laboratories of the City of Toronto 
Water Works Department. Norman J. 
Howarp. Can. Engr.—Wtr. & Sew. 
79: 6: 68 (June ’41). Lab. placed in 
commission in ’10 and by °40 no. of 
samples examd. annually 33,833. Chem. 
tests made on raw water every 3-4 hr. 
for taste control and water entering 
distr. system examd. bacteriologically 
at 6-hr. intervals. In addn., complete 
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bact. examns. made of treated and un- 
treated water, tests made including no. in 10ml. Residual chlorine tests made 
of bacteria growing on std. agar and on at de-chlorination station every 30 min. 
MacConkey’s bile salt agar at 37°C. and) and water tasted at same intervals, 


samples neg. in 100 ml., and 99.7% neg 


examns. for coliform bacteria. Bact 
std. aimed at is coliform bacteria absent 
in 100 ml. In 
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Papain Digest Media and Standardiza- 


tion of Media in General. IGor N. 
AsHESHOV. Can. Pub. Health J. 32: 
468 (Sept. ’41). Use of papain, in form 
of dried juice of Carica papaya, as diges- 
tive agent in prepn. of media for bact. 
use described. To 41. distd. water, add 
1 kg. minced beef or veal and 10-15 g. 
papain which has been ground into paste 
with 1-2 ml. glycerine and suspended in 
20-50 ml. water. Adjust to approx. 
pH 7 with ammonium hydroxide and 
maint. mixt. at this pH value and at 
temp. of 60-65°C. for 3 hr. Occasional 
control pH tests only, necessary, as shift 
to acid side occurs only during first hr. 
Filter through ‘‘agar’’ paper, adjust to 
pH 8 with ammonium hydroxide and heat 
in autoclave at 115°C. for 20 min. to 
separate phosphates and coagulable 
substances. Undigested material re- 
tained on paper does not exceed 4% of 
meat used. Cool, filter through ‘‘agar’’ 
paper, adjust pH to 7 with hydrochloric 
acid and autoclave in convenient quan- 
tities. Conen. of broth so prepd. detd. 
by method based on detn. of oxygen con- 
sumed value of water. To diln. of broth, 
add std. soln. of potassium perman- 
ganate, boil 5 min., add equivalent amt 
of std. oxalic acid and titrate back with 
potassium permanganate. Results are 
expressed as “% oxidizable matter,” 
i.e., grams of oxygen required per 100 
ml. Conen. of broth prepared as above 
varies from 1.2 to 2.5%, depending on 
qual. of meat used. For nutrient broth 
and agar, diln. to 0.5-0.75% and 0.75- 
1.0%, respectively, of ‘“‘oxidizable mat- 
ter content’? without addn. of nutrient 
substances gives satisfactory medium. 
Composition of media may be varied for 
different bacteria by altering pH, temp. 
and period of digestion. Addn. of liver, 
about 25% by wt., to meat improves 


"40, 96% of city water 


Great deal of research work conducted, 
Annual cost of operation approx. $15,. 
000.—R. E. Thompson. 
medium for many organisms. 
Thompson. 


R. E. 


Factors Influencing the Preparation of 
the ‘‘Tetrathionate Agar Medium (Schus- 
toma)’’ and a New Culture Medium for 
Isolating Bacillus Typhosus. Kk. Ry; 
Suyuku. J. Oriental Med. 34: 305 
(English abstract, p. 20) (41). Best 
technique recommended to mix iodine 
soln. (20 g. iodine, 25 g. potassium iodide 
in 100 ml. water) with thiosulfate soln 
(50 g. sodium 
5H,.O—in 130 ml. water), as quickly as 
possible and immediately to add mixt, 
to agar medium. Six formulas recom- 
mended contain 100 ml. agar medium, 
1.5-2.5 ml. iodine soln. and 4-8 ml. thio- 
sulfate Author’s own culture 
medium contains 100 ml. agar medium, 
5 ml. bile and 4 g. Na.S.O;:5H.O, which 
is as good as ‘“‘Schustoma’s’’ tetrathio- 
nate medium for obtaining selective 
growth of Eberthella typhosa in presence 
of Esch. coli.—C.A. 


soln. 


Mechanism of the Selective Action of 
Eosin-Methylene-Blue Agar on the En- 
teric Group. E.S. Wynne, L. J. Rope 
aND A. E. Haywarp. Stain Tech. 
17: 11 (Jan. ’42). Actual mechanism of 
lactose- and non-lactose-fermenting or- 
ganism differentiation on E.M.B. not 
reported in literature. Color of colon 
forms on E.M.B. depends on: (1) reaction 
of eosin with methylene blue to form 
acidic or neutral dye compd., and (2) 
production of sufficiently low pH _ by 
lactose-fermenting organisms to extend 
dye compd. taken up by individual cells. 
Non-lactose-fermenting organisms not 
colored because compd. not taken up 
when reaction alk. Occasional colonies 
may be blue due to formation of relatively 
high pH causing slight dissociation of 


col 
by 
dit 
of | 
ref 
cel 
I 
Me 
5: 
| tal 
it 
50 
adj 
ade 
sol 
nc 
tak 
acl 
tac 
che 
less 
abe 
| | int 
at 
cha 
sev 
Es 
anc 
gro 
as 
pre 
effe 
key 
abs 
can 
| pro 
gol 
cha 
yel 
cha 
inte 
Wit 
He 
| (Ge 
| of 1 
rep 
| use 
mil 
me: 
coli 
\ 


heg 


Vals 
ected 


$15,. 


n of 
hus- 
for 
Ryt 
305 
Best 
dine 
lide 
oln. 
y as 
ixt 

um, 
hio- 
ure 
um, 
ich 

110- 
ive 

nce 


nade 
nin,, 


vOL. 34, NO. 4) ABSTRACTS 


compd. to allow independent staining 
by methylene blue. Under acid con- 
ditions, compd. composed of 1 molecule 
of methylene blue and 1 of eosin. Color 
of acid-producing colonies on E.M.B. 
referable to actual staining of individual 
cells with this compd.—Ralph E. Noble. 


Replacing Endo Medium With Rosolic 


Medium. M. G. KicHEeENKO AND N. G. 
KicHENKO. Lab. Prakt. (U.S.S.R.) 16: 
5:6 (41). For prepn. of rosolic medium, 


take 20 g. Arkhangelsk agar-agar, clarify 
it with egg white, add 10 g. lactose and 
50 ml. ox bile, add 1 1. distd. water and 
adjust to pH. 7.2-7.5. To 11. of medium, 
add 2.5 ml. 1.5% ale. bromothymol blue 
soln. and 2 ml. 5% ale. rosolie acid soln. 
(not older than 30 days). Reaction 
takes place at time of adding rosolic 
acid; medium whitens at surface of con- 
tact, but after mixing, color of medium 
changes from green to brown. At pH 
less than 7.2, medium has grayish tint; 
above 7.5 it is more red. Pour medium 
into test tubes and sterilize in autoclave 
at 112° for 20 min. Medium does not 
change on standing even in daylight for 
several mo. Colonies oval-shaped. 
Esch. coli yellow on yellow background 
and Esch. paracoli black on red back- 
ground. Results show that medium is 
as effective as Endo medium. Sup- 
presses growth of saprophytes, has no 
effect on growth of Esch. coli and can be 
kept for considerable length of time. In 
absence of bromothymol blue, medium 
an be prepd. with rosolic acid in same 
proportion. Such medium possesses 
gold-pink color. Under influence of 
acid-forming bacteria (Esch. coli) color 
changes to yellow and colonies remain 
yellowish white. Base-forming bacteria 
change color of medium and colonies to 
intensive pink.—C.A. 


A New Nutrient Medium for Bacteria 
With Special Requirements. EE. 
HettcHe AND W. Ziscna. Arch. Hyg. 
(Ger.) 123: 291 (’40). Discusses value 
of various nutrient media suggested for 
replacing media contg. meat. Tests on 
use of media made from skim milk, dried 
milk powd., casein powd., soya bean 
meal and “bread water” for culture of 
coliform bacteria, streptococci, pneumo- 
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cocci, diphtheria bacteria and meningo- 
cocci, described; results shown in tables. 
Whole milk more satisfactory than skim 
milk. Good results obtained with bread 
water, but casein powd. and soya bean 
meal not satisfactory. Authors then 
tested two new media made from prepn. 
of soya bean meal, sold under name of 
‘“‘Edel-Soya,’’ and from pea meal. In 
prepn. of soya bean medium, meal first 
digested in alk. medium and then, if 
desired, in acid medium. Single alk. 
digestion sufficient for pea meal. Growth 
of bacteria tested in soya bean medium 
as good as in meat broths. Pea meal 
also good but had disadvantage that it 
could not be heated in autoclave.— 


W.P.R. 

Cellulose Derivative Substitutes for 
Agar. Anon. J. Am. Chem. Soc.— 
News Ed. 19: 1156 (Oct. 25, ’41). While 


research on agar production from British 
seaweed has shown larger supplies ob- 
tainable, new cellulose derivative usable 
as emulsifying agt. in place of agar-agar, 
gum acacia, tragacanth, alk. 
stearates, has been prepd. Forms col- 
loidal neutral soln. with water, and 
reported light and temp. stable. Film 
remaining after evapn., insoluble in 
usual cellulose solvents. — Ralph E. 
Noble. 


Can Silica Gels Be Used as a Substitute 
for Agar in Bacteriological Culture Media? 
Zent. f. Bakt. (Ger.) 
147: 1: 75 (Apr. 4, ’41). Use of silica 
gels to solidify media not new. Of 
formulas tried by author, following gave 
best results: (1) glycerine 6 parts, as- 
paragin 0.4 parts, distd. water to 100 
parts, adjusted with NH,OH to pH 7.5; 
(2) yeast extract broth, pH 7.5; (3) 
water-glass (sodium silicate) ep.; (4) 
phosphoric acid, 25%. Mix 3 parts of 
(1), 6 parts of (2) and 0.6 parts of (3). 
Adjust to pH 7.2 with (4). Ingredients 
must be mixed in cold and plates poured 


quickly. About 0.27 parts of (4) re- 
quired. Enriching substances may be 
added. Medium is improvement on 


those previously described, and though 
certain deficiencies exist, gives satisfac- 
tory growth of intestinal organisms, 
staphylococci and anaerobes.—B.H. 
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Reclamation of Agar. Hitpa G. Mac- 
-MORINE. Can. Pub. Health J. 33: 39 

(Jan. 42). Melted agar, after removing 


blood or serum if present by coagulating 
swith heat and filtering through cheese- 
= cloth, allowed to set in glass cylinders 
about 6” in diam. and cut into slices 
. ~ about 0.5 em. thick, which are washed 


with cold tap water first by decantation 
and then by pouring water through the 
slices held in cheesecloth-lined funnel. 

- Agar then melted and carbon black 

added to decolorize and remove addnl. 
broth factors, and mixt. filtered through 

- hot Buchner funnel, lined with filter 

paper and hot paper pulp. To resulting 

clear, colorless soln. are added potas- 
sium oxalate and potassium carbonate 
and mixt. autoclaved 1.5 hr. at 250°F., 
filtered and poured into 2 volumes of 
cold acetone with vigorous. stirring. 
Pptd. agar, fairly granular, filtered off 
in Buchner funnel, washed with acetone 
and spread on paper to dry. When 
acetone evapd., product ready for use. 
Ethyl alcohol may be used as precipitant 
but ppt. more colloidal and more difficult 
to filter. Recovery about 75%. Re- 
covered agar as light in color as com- 
mercial agar, gives hardness only slightly 
inferior and not bactericidal.—R. E. 
Thompson. 


Progress in the Standardization of 
Stains. No Further Certification of 
Gentian Violet. H. J. Conn. Stain 
Tech. 16: 141 (Oct. ’41). Beginning Jan. 
1, ’42, Biological Stain Com. will no 
longer certify any dye under name, “‘gen- 
tian violet.’’ Must be labeled ‘‘erystal 
violet,’ ‘‘methyl violet 2B,’’ or so on. 
After name, in small type, may add 
statement: ‘‘Formerly sold as gentian 
violet.’’ Users should specify crystal 
violet for baect. work, and for histological 
work where deep blue-violet is required; 
methyl violet 2B in histological pro- 
cedures where reddish shade desired.— 


Ralph E. Noble. 


A Stabilized Spore Suspension for 
Disinfection Tests. Grorce R. WEBER 

AND Max Levine. (Published in ab- 
stract only.) J. Bact. 43: 53 (Jan. ’42). 

B. metiens spores (170 X 106/ml.) sus- 

, pended in Butterfield’s formula C water 


[J. A. W. 


and stored at 10°C. showed no appre 
ciable change in resistance to Cl, or 
chloramine solns. over 2 yr. Times 
required to kill 99% of spores exposed 
at 20°C. (pH 7) to 25 ppm. available 
Cl, as hypochlorite and chloramine, 3 
min. and 89 min., respectively, when 
freshly prepared spore suspension used. 
Killing times for same suspension 2 yr, 
later, 3.2 min. with hypochlorite and 
91 min. with chloramine. Difference in 
killing times of fresh and old suspensions 
well within limits of error of duplicate 
detns.—Ralph E. Noble. 


The Selective Bacteriostatic Effect of 
Slow Oxidizing Agents. W. L. Mauumay, 
W. E. Borwricut AND ELperr §, 
CuurcuHILu. J. Infec. Dis. 69: 215 Noy. 

Dec. ’41). Numerous selective media 
available contg. such dyes as gentian 
violet and brilliant green that inhibit 
growth of gram-pos. organisms while 
allowing development of gram-neg. ones. 
In this report, demonstrated that slow 
oxidizing agents, potassium dichromate 
and sodium azide, exert bacteriostatic 
effect on gram-neg. bacteria. By using 
appropriate dilns. of these 2 agents, pos- 
sible to suppress growth of gram-neg. 
yet allow development of gram-pos. bac- 
teria. Gram-pos. cocci, particularly 
streptococci, appear to tolerate slow 
oxidizing agents to greater extent than 
gram-pos. spore bearers. Slow oxidiz- 
ing agents in nutrient media can be used 
successfully as selective agents to allow 
growth of gram-pos. bacteria from mixts. 
of gram-pos. and gram-neg. organisms. 
—Ralph E. Noble. 


Antagonistic Relations of Micro-or- 
ganisms. A. WaxksMAN. Bact. 
Rev. 5: 231 (Sept. ’41).. Comprehensive 
article reviews subject in following see- 
tions: survival of pathogens in soil and 
water; symbiosis and antibiosis; an- 
tagonistic effects of bacteria, spore- 
forming and non-spore-forming, and 
actinomycetes; antagonistic effects of 
fungi; antagonistic action of animal 
forms; chem. nature of antagonisti¢ 
substances; disease control with an- 
tagonistic micro-organisms; retrospect; 
and references (373). Portions of in- 
terest to water sanitarians follow: Dis- 


pr 
de 
: ea 
se 
ab 
Ps 
dr 
ac 
Me 
wi 
tiv 
tw 
wa 
lor 
to 
an 
she 
red 
tiv 
su 
off 
on 


le or 
‘imeg 
0sed 
ilable 
ne, 3 
when 
used, 
2 yr. 

and 
ce in 
sions 
licate 


ct of 
MAN, 
Nov. 
1edia 
ntian 
hibit 
vhile 
ones. 
slow 
mate 
tatic 
ising 
pos- 
-neg 

bac- 
larly 
slow 
than 
idiz- 
used 
llow 
ixts. 
sms. 


)-Or- 
sact. 
sive 
sec- 
and 
an- 
ore- 
and 
of 
imal 
istic 
an- 
ect; 

in- 
Dis- 


yOL. 34, NO. 4] 


ease-causing microbes find their way into 
soil and water in large nos. in excreta or 
dead and infected residues. With few 
exceptions, organisms pathogenic to 
man and animals do not remain alive in 
soil and natural waters long. Typhoid 
and dysentery bacteria, known to con- 
tam. watersheds and water supplies, 
sooner or later disappear. No one now 
questions of soil as carrier of disease - 
producing agents or as cause of epi- 
demics. Rapid disappearance of dis- 
ease-producing bacteria may be due to 
several factors, including: (1) unfavor- 
able environment; (2) lack of sufficient 
or proper food; (3) destruction by pre- 
dacious agents, such as protozoa and 
other animals; and (4) destruction by 
various saprophytic bacteria and fungi 
considered antagonists. Frankland first 
established that typhoid bacterium may 
survive in sterilized pold. water or in 
pure deep well water 20-51 days, but 
that it dies out rapidly in 9-13 days in 
unsterile surface water. Jordan, et al., 
found Eberthella typhosa survived in 
sterilized tap water 15-25 days, against 
4-7 days in fresh water; it died off even 
more rapidly (1-4 days) in raw river 
or canal water. Deg. of survival in 
water found to be in inverse ratio to deg. 
of contamn. of water, saprophytic 
bacteria being directly responsible for 
destruction of pathogen. Freshly iso- 
lated organisms survived shorter time 
than lab. cultures. Higher temps. more 
destructive than lower ones. Presence 
of certain bacteria in water often found 
to hinder survival of E. typhosa. When 
Pseudomonas aeruginosa, present in 
drinking water, however, may not be 
accompanied by any other bacteria. 
Media inoculated with this organism and 
with Esch. coli gave, after 13 days cul- 
tivation, only cultures of former; yet, 
two organisms can coexist in sterilized 
water. Vibrio cholerae does not survive 
long in fresh water, although long enough 
to cause occasional epidemics. Typhoid 
and paratyphoid bacteria found very 
shortlived in sewage sludge, 99% being 
reduced after 6 hr. treatment of ac- 
tivated sludge. Marked difference in 
survival of different strains. One died 
off rapidly, two died in 8-10 days, and 
one survived 13. Addn. of typhoid 
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bacteria to well-moistened and culti- 
vated soil brings about their rapid de- 
struction. Same phenomenon occurs 
when culture of these is added to that of 
soil microbe. Esch. coli rapidly crowded 
out by other organisms in manure piles 
and in soil. Dysentery and typhoid 
organisms disappear rapidly in 
water, 12-I16hr. Paratyphoid organisms 
have been found to survive 21-23 days. 
Sea water appears to contain agent, 
other than salts, exerting bactericidal 
effect. Esch. coli may lose property of 
fermenting sugar when grown together 
with paratyphoid bacteria, illustrating 
“functional antagonism.’’ Antagonism 
may be either one- or two-sided, i.e., 
when only one bacterium represses 
another, which is not antagonistic to it, 
or when each organism represses the 
other. One-sided antagonism may be- 
come two-sided under certain conditions 
of culture. Esch. coli antagonistic to 
E. typhosa. If latter inoculated into 
medium somewhat earlier than former, 
however, reverse true. In ’O1, Frost 
established that several bacteria are 
able to exert marked antagonism against 
E. typhosa. P. fluorescens exhibited 
strongest effect; Proteus vulgaris acted 
more rapidly, but active substance did 
not diffuse so far into medium. Filter- 
able and thermostable antagonistic sub- 
stances produced; their action varied 
with temp., most pronounced at 37°. 
At ice-chest temp., action so delayed 
that pathogen was able to develop. 
Frost believed this offered possible ex- 
planation of fact that when water sup- 
plies become contamd. in cold weather 
their power of producing infection re- 
tained longer than in warm. Numerous 
non-spore-forming bacteria shown to 
antagonize other bacteria. Particular 
attention paid to pyocyaneus and 
fluorescens groups. Much consideration 
also given to members of colon-typhoid 
group. Wathelet found, in: mixed cul- 
ture, colon organism gradually replaces 
typhoid. Chatterjee noted typhoid and 
paratyphoid bacteria fail to multiply 
when inoculated into media in which 
colon bacterium previously grown. Oc- 
currence of slow  lactose-fermenting 
Esch. coli strains in stools. as well as 
inhibitory action found in certain stools 
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antagonistic action of former. Different 

strains Esch. coli appear to repress 
typhoid organism to different extent, 
freshly isolated strains being more active 
than stock cultures. Young, actively 
growing cultures of EF. typhosa, however, 
inhibit growth of Esch. coli, older cul- 
tures being non-antagonistic. Many 
other interesting effects on coliform 
organisms by other bacteria or their 
_ products cited.—Ralph E. Noble. 


_ The Effect of Culture Environment on 
Results Obtained With the Dilution 
Method of Determining Bacterial Popula- 
tion. GEORGE M. SavaGe anv H. O. 
Hatvorson. J. Bact. 41: 355 (Mar. 
—’41). Dilution method early employed 
by Phelps for estimating Esch. coli 
pops. in drinking water. Interpretation 
of results from such dilutions not pos- 
without conversion tables of 
probable pop. values provided by later 
workers. Such values derived statis- 
tically from experimentally obtained 
“codes,’’ which express numbers of 
sub-culture tubes showing growth from 
each of 3 successive 10-fold dilutions. 
Uncommon codes occur quite frequently 
when unfavorable culture media used 
for subculturing bacteria. Tend, how- 
ever, to become common codes after 
long periods of incubation. Appearing 
uniformly is gradual type, in which 
change from all growths to no growths 
spread over 4 or more dilutions. Ap- 
pearance of uncommon codes, gradual 
type, should warning that 
medium being used for sub-culturing 
may be unfavorable for growth.—Ralph 
E. Noble. 
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Water Bacteriology and Chlorine Resi- 
duals. JoHN W. Krasauskas. 15th 
Ann. Conf. Md.-Del. Wtr. & Sew. Assn. 
(41). p. 35. Low typhoid death rate 
and relative scarcity of large epidemics 
of intestinal disorders traced to water 
supplies lulled many operators into false 
sense of security. Low typhoid rate 
due to: (1) using Cl, for sterilization and 
(2) detection and isolation of typhoid 
carriers by state, munic. and county 
health authorities. Complexity of bae 
terial reaction to chem. disinfection well 
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known, so that complete reliance on (Cj, 
residual as indicator of safe water supply 
dangerous. As this test is important 
for efficient control of filtration plant. 
should be co-ordinated with complete 
bact.examn. Cites reference reporting 
that in many cities of 2,500-300,000 pop., 
record-keeping grossly inadequate and 
no provision made for bact. examn. of 
water supply. Many operators fee] 
bacteriology too complicated, therefore 
neglect making such tests. Academie 
study required but operator with good 
common sense can make bact. tests, 
especially with co-operation of health 
dept. Bact. and Cl, residual tests both 
imperfect but essential. Latter rapid, 
former slow. Cites reference to study 
of organisms isolated from chlorinated 
supplies. In U.S. labs., ortho-tolidine 
test used for qual. detns., iodometrie 
test for quant. work. Yellow color 
production in former influenced — by 
nitrites, ammonia and manganese. Sen- 
sitivity decreases as Cl». conen. increases. 
Colored waters cannot be tested. Todo- 
metric test less sensitive than ortho- 
tolidine but nitrites and manganese do 
not interfere. Nitrates and ferric salts 
do, however, and incorrect results oceur 
at small Cl. conens. In di-methyl-para- 
diamin test no interference experienced 
from nitrites up to 5 ppm. and iron up 
to 1 ppm. With this reagent, color 
fades rapidly if Cl. greater than 0.7 
ppm.—Ralph E. Noble. 


The Effect of a Vacuum on the Destruc- 
tion of Bacteria by Germicides. A. J. 
SaLLE AND M. Korzenovsky. (Pub- 
lished in abstract only.) J. Bact. 48: 
52 (Jan. ’42). Tests made to det. effect 
of vacuum on destruction of bacteria by 
germicidal agents in soln. and in gaseous 
state. Killing diln. of germicide under 
atmospheric conditions and in vacuum, 
same. Removal of air from liquid with 
possible increase in penetration did not 
increase eff. of germicide. Entirely 
different results obtained when gaseous 
germicides used. Bacteria placed in 
center of cotton rolls or embedded in 
fine sand not killed by action of gas under 
atmospheric conditions but easily de- 
stroyed in presence of vacuum. In 
absence of latter, gas acted as surface 


\ 
I 
| 
1 
I 
( 
f 
\ 
( 
f 


upply 


rtant 
plant, 
nplete 
orting 
Pop., 
and 
in. of 

fee] 
refore 
lemic 
good 
tests, 
ealth 
both 
apid, 
study 
ated 
idine 
etric 
color 
| by 
Sen- 
ases, 
odo- 
rtho- 
e do 
salts 
ecur 
ara - 
need 
up 
‘olor 

0.7 


ruc- 
ub- 
43; 
fect 
by 
der 
um, 
ith 
not 
ely 
ous 


VOL. 34, NO. 4| 


disinfectant whereas in its presence, 
material easily penetrated by gas. Or- 
ganisms tested included Esch. coli, 


Eberthella typhosa, Staph. aureus, Ps. 
aeruginosa, Str. faecalis, B. mycoides, 
B. subtilis, and B. anthracis. Organ- 
isms subjected to high vacuum, then 
appropriate amt. of gas introduced and 
sterilizer held under partial vacuum for 
3) min.—Ralph E. Noble. 


The Effect of Temperature on the Self- 
Purification of Water With Special 
Reference to Bacteriological Conditions. 


K. Vieni. Z. Hyg. InfektKr. (Ger.) 
122: SI (’39). Refs. in literature on 


effect of temp. on biol. purif. of sewage 
and on self-purif. of water are contra- 
dictory. Lab. expts. in which 2 liters 
of river water added to 9 liters of settled 
sewage and incubated showed that at 
higher temps. no. of bacteria sewage 
reached max. and then decreased more 


rapidly than at lower temps. At be- 
ginning of expt., typical Esch. coli 
found, but as_ self-purif. proceeded, 


atypical forms appeared. At room 
temp. all ammonia converted to nitrite 
in 24 days, and nitrate formation com- 
pleted in 5 wk. At 2.7°C. ammonia did 
not begin to disappear until 12th wk. 
and nitrite never present in more than 
traces; by 15th wk. nearly all nitrogen 
converted to nitrate. Thus appears 
that nitrate-forming organisms more 
tolerant to low temps. than _ nitrite- 
forming organisms. In expts. on self- 
purif. in polluted river water, samples 
taken regularly from inlet and outlet of 
Elster reservoir, from Elster R. at 
Bésdorf, and from Pleisse R. at Tra- 
chenau. No. of bacteria in reservoir 
vary inversely with temp. of water 
rather than with flow. In Elster, 
fluctuations in no. of bacteria even 
greater than in res.; lowest no. found in 
summer. Similar variations in Pleisse. 
At all sampling stations, condition of 
water, as indicated by B.O.D., worse in 
winter than in summer. Author con- 
cludes that in addition to direct action 
of temp. on bacteria, also indirect action, 
owing to its effect on organisms which 
feed on bacteria. Light also affects 
bacterial development, but cannot be ma 
jor factor in variations in no.—W.P.R. 
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Effect of Volatile Solvents on Bacterial 
Numbers in Sewage. H. HEUKELEKIAN 
H. B. Scuutuorr. Sew. Wks. Eng. 
11: 592 ('40). Expts. made to find effect 
of benzene, carbon tetrachloride, petrol, 
and kerosene on no. of bacteria in sew- 
age. Solvents added in conens. of 0.1, 
0.5, and 1.0 ml. per 1. of sewage in stop- 
pered bottles; samples taken at intervals 
and plate counts made after incubation 
for 7 days at 20°C. Graphs given show- 
ing counts, compared with counts in 
control samples without solvents. Ben- 
zene in conens. of 0.1- and 0.5-ml. per 
1]. caused slight increase in no. of bacteria 
after 24 hr.; in conens. of 1.0 ml. per 1. 
inhibitory effect observed even with 
short periods of contact. Carbon tetra- 
chloride even at highest conen. used had 
only slight inhibitory effect after 33 hr., 
but after 24 hr. considerable reduction 
in bacteria noted. Petrol and kerosene 
even in highest conens. used not as toxic 
as benzene or carbon tetrachloride. 
When solvents discharged to sewer, toxic 
effect would not be expected to be as high 
as in stoppered bottles; expts. made in 
open vessels, using 1 ml. of solvent per 1. 
of sewage, to find effect on no. of bacteria 
when solvent allowed to volatilize; even 
with 1 ml. of solvent per |. of sewage, 
no appreciable effect. Increase in bac- 
terial no. with long periods of contact 
and low conens. of solvents attributed 
to more rapid destructive action of 
solvents on protozoa which feed on bae- 
teria. Doubtful whether such large 
conens. of these solvents as were used in 
expts. frequently found in sewage. Dis- 
cussion. W. Rupoxrs: Large quants. 
of inflammable solvents in sewage more 
likely to cause trouble by explosions than 
by toxie effect on bacteria. Non-in- 
flammable solvents may cause separation 
of grease which may accumulate on sur- 
face of settling tanks, and may interfere 
with filtration. Small quants. of min- 
eral oils interfere with biological activi- 
ties, before toxie conens. reached, by 
forming film on sludge particles, floc, 
stones, and sand, thus preventing pene- 
tration of oxygen.—W.P.R. 


Factors Controlling the Germicidal Ac- 
tivity of Oligodynamic Silver. R. L. 
Tracy. J. Bact. 41:33 (’41). In expts. 
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made to det. factors which affect germi- 
cidal activity of silver, 5 sources used: 
“‘activated”’ silver metal, silver chloride, 
silver carbonate, silver sulfate and silver 
nitrate. Activated silver prepd. by im- 
pregnating carbon blocks with finely 
divided silver and oxygen. Conen. of 
silver in test substrates detd. colorimet- 
rically with p-dimethyl-aminobenzalrho- 
danine. Found that min. lethal conen. 
of silver ions dependent upon cell pop. 
and conen. of org. matter. About 100 
times more silver required to kill 106 
cells of Esch. coli in nutrient broth than 
in distd. water. In org. solns. more 
silver ions required to sterilize given 
unit of bacterial pop. when conen. of 
cells greater than 107 per ml., than when 
below 10° per ml. Conens. of 100-500 
y of silver per |. sufficient to kill Esch. 
coli in 1 hr. when 10-105 cells per ml. 
used in aq. substrates. Germicidal ac- 
tivity of silver independent of source 
when equal conens. of silver used, pro- 
vided ionic dissociation occurred readily. 
Increased temp. decreased lethal conens. 
of silver for Esch. coli in aq. or org. sub- 
strates. At 25°C., max. germicidal ac- 
tivity occurred when pH value between 
7 and 8. Tests with different strains of 
‘“‘coli-aerogenes-proteus’’ group, ty- 
phoid-paratyphoid-dysentery group, and 
Staphylococcus aureus indicated that 
difference in species among non-sporu- 
lating bacteria had little influence on 
germicidal action of silver.—W.P.R. 


Research and Control. Norman J. 
Howarp. Can. Engr.—Wtr. & Sew. 
79: 11:20 (Nov. ’41). (For previous 
article of series see Jour. A.W.W.A. 33: 
1849 (’41).) Discussion of stds. of water 
qual., deterioration of qual. in distr. 
systems and related subjects. Sug- 
gested that std. sample of U.S. Treas. 
Std. be increased from 10 to 100 ml. In 
Toronto, 100-ml. portions examd. for 
20 yr. or more. In view of fact that 
both Esch. coli and Aer. aerogenes may 
be derived from sewage, possibly better 
to exam. large no. of samples without 
attempting classification of types of 
bacteria causing fermentation than to 
exam. smaller no. and definitely classify 
types of organisms present. Hamilton, 
Shanghai, China, in _ investigating 
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poln. of Whangpoo R., found no. of 
Esch. coli communis in feces to be re. 
markably constant throughout yr. and 
to be lower in summer. On other hand, 
Wells in America found that no. of Eseh. 
coli in feces increased tremendously ag 
temp. (air) increased and reached max. 
in Aug. Incidence of Esch. coli in water 
related to seasonal variation in intestine, 
i.e., is greater during summer mo. Algo, 
most cases of deterioration of qual. in 
distr. systems occur in summer mo. when 
raw water most pold. and water temp. 
highest. If water adequately treated, 
no reason to believe that deterioration 
of qual. in distr. systems of great san, 
signif. Coincidental occurrence of in- 
testinal disturbances due to other causes 
might, however, cause very embarrassing 
situation. Disinfection with chlorine 
will not ensure maint. of uniform qual, 
in remote parts of system unless econ- 
siderable excess of chlorine maintd, 
Chloramine appears only soln. of prob- 
lem and such treatment may become 
increasingly necessary if water qual. 
stds. made more stringent. Prevention 
of secondary contamn. in open service 
reservoirs important. Bird and fish life 
and surface drainage, e.g., following 
heavy rain, most probable causes of such 
contamn. In England, gulls found to 
be common cause of poln. of open reser- 
voirs. Adams reported isolation of 
Eberthella typhosa from gull droppings 
and Houston found such droppings to 
contain millions of coliform organisms 
per g. Of interest to note, however, 
that gulls caught at sea failed to show 
presence of fecal bacteria. Similarly, 
fish, oysters, etc., from unpold. water 
found to be free from coliform bacteria, 
but specimens from pold. water con- 
tained excremental bacteria. Houston 
concluded from expts. with goldfish that 
presence of fish in water not likely to 
create or foster serious or continued 
infection with coliform bacteria.—R. E. 
Thompson. 


The Mechanism of the Disinfectant 
Action of Phenol on Escherichia coli. 
A. D. Hersuey. (Published in abstract 
only.) J. Bact.41: 35 (Jan. ’41). Method 
developed for measurement of sublethal 
injury to individual bacterial cells, 
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based on hypothesis that cells grow at 
constant rate to constant max. size. 
Involves measurement of latent period 
in multiplication of individual cells, as 
deduced from time required to develop 
turbidity in single-cell cultures obtained 
by dilution. Procedure yielded un- 
expected results in study of phenol 
effects on Esch. colt. When cells exposed 
to continuous phenolic action, degree 
of injury sustained per unit time ex- 
hibited max., not in first, but in later 
time interval. Since this result seem- 
ingly incompatible with concept of 
“logarithmic order of death,’ new 
studies of kineties of disinfection under- 
taken. Results obtained so far by means 
of viable count in accord with observa- 
tions on sublethal injury. In presence 
of dilute phenol, ‘‘time-survivor’’ curve 
decidedly not semi-logarithmic, but 
suggests death may be regarded as a 
critical point in reactions [enzyme in- 
activation?] involved in cell injury. 
Expts. incomplete, but indicate need 
for critical re-exam. of question of 
“order of death,”’ particularly in view of 
difficulties encountered in attempts to 
explain classical observations. [Could 
not this phenomenon obtain with use of 
chlorine?}—Ralph E. Noble. 


The Value of Citrate-Utilization as a 
Means for Differentiating Between the 
Genera Escherichia and Aerobacter. 
C.N.Srark AND WILLIAM R. STRAUGHN 
Jr. (Published in abstract only.) J. 
Bact. 41: 88 (Jan. ’41). Of 170 citrate- 
pos. cultures isolated from human, bo- 
vine and equine feces, 52 appeared to 
belong to genus Escherichia, on basis of 
methyl red and Voges-Proskauer tests. 
Analyses made of gas ratios (CO2/H2) 
of these citrate-pos. types. Methyl 
red media and essentially methods and 
apparatus employed by Rogers and Clark 
(1415) used. Gas-ratio values ranged 
from 0.97 to 1.17, avg. being approx. 
1.06, similar to that reported by Rogers, 
et al. (14) for low-ratio group (approx. 
1-1). Believed that utilization of citrate 
as sole source of carbon unreliable and 
unjustifiable characteristic for differ- 
entiating between genera Esch. and 
Aer. Validity of methyl red _ test, 
Voges-Proskauer reaction and gas ratio, 
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as means for differentiating between 
these, confirmed.—Ralph E. Noble. 


A Comparison of Presumptive Tests for 
Coliform Bacteria in Sea Water and Shell- 
fish. Lesitie A. (Pub- 
lished in abstract only.) J. Bact. 48: 
48 (Jan. ’42). Comparison made of std. 
lactose, formate ricinoleate and Eijk- 
man media on 100 homologous samples 
of sea water, oyster meats and oyster 
liquors. Partial confirmation of pos. 
presumptives accomplished with B.G.B. 
and E.M.B. Confirmation completed 
for each test. From results obtained, 
M.P.N. of coliform bacteria per ml. of 
original sample computed and data 
evaluated statistically. In case of sea 
water, no signif. difference between the 
3 presumptive media, but confirmation 
on E.M.B. yielded consistently higher 
M.P.N. values than identical tests par- 
tially confirmed in B.G.B. When oyster 
meats similarly tested, no valid differ- 
ences in M.P.N. values found between 
the 3 media when partially confirmed in 
B.G.B. Partial confirmation on E.M.B. 
yielded no differences between lactose 
and formate or lactose and Eijkman, but 
formate showed signif. higher M.P.N. 
values than latter. Same also held for 
oyster liquors, except both lactose and 
formate yielded higher M.P.N. values 
than Fijkman when partial confirmation 


made on E.M.B. Both oyster meats 
and liquors showed greater M.P.N. 
values when confirmed with B.G.B. 


Mean values for oyster meats and liquors 
consistently greater than those for sez 
water regardless of presumptive or con- 
firmation medium used.—Ralph_ E. 
Noble 


An Accelerated Method for the Deter- 
mination of Intestinal Coli by Means of 
Membrane Filters. A. N. Kryvova. 
Lab. Prakt. (U.S.S.R.) 16: 12: 8 (’40). 
Use of membrane filters for determina- 
tion of Esch. coli decreases time of 
analysis to9 hr. Method compared with 
coliform titer determination and with 
Marman method. Coliform index ob- 
tained by standard method usually lower 
than no. of Esch. coli colonies obtained 
from inoculation according to Marman 
and on membrane filters.—C.A. 
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The Determination of Coliform Or- 
ganisms With Violet Red Bile Agar, 


C. O. Hosterrter. Ohio Conf. W. 
Purif. 20th Ann. Rept. (40). p. 56. 
Applicability of ‘‘Bacto Violet Red 


Bile Agar,’’ as used in milk analysis, to 
water exam. investigated. Composition 
of medium, in grams per liter, is as 
follows: peptone 10, lactose 10, bile 
salts 1, yeast extract 5, agar 15, neutral 
red 0.05, crystal violet 0.004. Special 
hile salt used which is precipitated by 
acids produced during fermentation of 
lactose. Recommended procedure to 
use 15-20 ml. medium for each 90-mm. 
petri dish, incubate at 37°C. for 18-20 hr., 
and examine by transmitted light. 
Organisms of coliform group form pur- 
plish red sub-surface colonies, 1-2 mm. 
in diam., surrounded by reddish zone 
of precipitated bile. Small red colonies, 
less than 0.5 mm. in diam. and without 
halo, are not, as a rule, members of 
coliform group. Surface colonies of 
coliform group, which may be avoided 
by double plating, may be red or pinkish 
white in color. Incubation for longer 
than 24 hr. permits development of other 
organisms, confusing count. No. of 
colonies per plate should not exceed 150. 
In Akron expts. 10-ml. portions of river, 
raw and applied waters and 50 ml. of 
filtered and chlorinated waters placed in 
petri dishes and like amounts of double 
strength medium added. In _ parallel 
plantings of 492 samples in this manner 
and in standard lactose broth, both 
positive in 210 cases, both negative in 
196, agar was positive and broth negative 
in 67, and agar negative and broth 
positive in 19. Total no. positive by 
plate count 277 and by standard method 
229. In addition to being more efficient, 
violet red bile agar gives coliform density 
in actual counts instead of no. based on 
theory of probability and results are 
obtained within 24 hr.—R. EF. Thompson. 


The Growth of Coliform Bacilli in Dis- 
tilled Water. JosepH W. BIGGER AND 
J. Havetock Netson. J. Path. Bact. 
53: 189 ('41). Filtration of natural 
waters, which in natural state not eap- 
able of supporting growth of Esch. coli, 
through Chamberland filters may render 
them growth-supporting. Filter prob- 
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ably removes inhibitory substances and 
permits use of nutritive substances jn 


water. Distd. water can be rendered 
growth supporting by contact with 
rubber tubing. Tale used as surface 
dressing responsible for this effect. 


Neither tale nor rubber is source of 
nutrients. Expts. indicate that carbon 
dioxide, ammonia and perhaps other 
gases in air serve as nutrient materials. 
Role of tale obscure; probably acts as 
‘atalyst, as it must remain present 
throughout period of growth. Under 
these conditions, bacilli probably obtain 
energy from oxidation of ammonia, 
Growth does not occur in water-tale 
prepns. in vacuo, nor in atmospheres of 
oxygen, hydrogen or nitrogen. Fails 
to occur if air treated with soda lime, 
sodium hydroxide or sulfuric  aeid, 
Distd. water rendered growth-support- 
ing by 20 out of 75 other insoluble inorg, 
substances substituted for tale. This 
power of Esch. coli to utilize simple 
chem. substances as nutrients places it 
in facultatively autotrophic group.— 


Further Observations on the Origin of 
Esch. coli in the Human Intestine 
Murray P. Horwoop ANb WILLARD D. 


NALCHAJIAN. (Published in abstract 
only.) J. Bact. 43:21 (Jan. ’42). Speei- 
mens of intestinal contents obtained 


aseptically from 4 points in intestinal 
tract of 16 persons, 55 yr. old or over, 
None suffered from primary intestinal 
disease. All, except 1, autopsied within 
20 hr. after death. Specimens obtained 
from 3 points in small intestine (s.i.) 
and from point midway across transverse 
colon. Specimens planted in duplicate 
tubes of lactose broth and B.G.B. 2%. 
Pos. tubes transferred to E.M.B. plates, 
incubated and observed for Esch. coli 
and Aer. aerogenes colonies. Typicals 
transferred to agar slants and studied 
by usual methods and differential media. 
Aer. aerogenes isolated from 12 of 16 
cases, readily from any portion of s.1, 
and median point of transverse colon, 
but vield materially greater on proximal 
side of eaecum. Conversely, greater 
distance distally from caecum, greater 
probability of isolating Esch. coli than 


Aer. aerogenes. If s.i. contains large 
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amts. fresh bile, Aer. aerogenes tends to 
be inhibited and isolation becomes diffi- 
eult (2 eases). Where starvation and 
emaciation preceded death, Aer. aero- 
genes less common than Esch. coli in 
<i. In well nourished cases, Aer. aero- 
genes more common in s.i. Even so, 
transformation to Esch. coli as pre- 
dominant strain in large intestine (1.i.) 
occurs. Sooner fecal specimens’ ob- 
tained after death in well nourished 
cases, greater was probability that Aer. 
aerogenes would predominate in s.i. and 
Esch. coli in 1.i. In view of close rela- 
tionship between them, would seem that, 
in normal human intestine, Esch. coli 
in feces has origin primarily as Aer. 
aerogenes in 8.i.—Ralph E. Noble. 
Anaerogenic Derivatives of Papillae- 
Forming Strains of Escherichia coli 
mutabile. Mary Louise RoBBINS AND 
Letanp W. Parr. (Published in ab- 
stract only.) J. Bact. 48: 19 (Jan. ’42). 
59 strains of papillate Esch. coli mu- 
tabile subjected to ‘‘multiple subculture” 
technique. Broth cultures of papillae 
showed prompt fermentation of lactose 
in each strain. In 2 instances, upon 


subculturing, anaerogenic strains de- 
rived, breeding true throughout all 
succeeding manipulations. All other 


strains tested, including descendants of 
2 strains above, continued to produce 
acid and gas consistently. Both anaero- 
genic cultures tested in variety of other 
sarbohydrates. In no instance was gas 
produced. Agglutination tests made. 
In each case, antiserum was one 
produced against original strain from 
which anaerogenic form derived. Titer 
of each anaerogenic derivative as high 
as that of corresponding unchanged 
descendant. Occurrence of such anaero- 
genic strains has important taxonomic 
implications. Although presenting 
marked difference in characteristics 
often existing between 2 entirely dis- 
tinct species, anaerogenic strain and 
its aerogenic relative cannot be classified 
separately because their descent from 


common ancestor definitely demon- 
strated. Anaerogenic phenomenon may 
also be significant in sanitation. Water 


sample could contain only anaerogenic 
forms thereby passing as uncontamd. 
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in routine test. In view of anaerogenic 
coliform association with pathological 
conditions, such failure might be signifi- 
cant.—Ralph E. Noble. 


The Sanitary Significance of Pectin- 
Fermenting Coliform Bacteria in Water. 
D. B. McFapvpen, R. H. WEAVER AND 
M. Scueraco. (Published in abstract 
only.) J. Bact. 43: 103 (Jan. ’42). Ex- 
istence of pectin-fermenting ‘(p-f.) coli- 
form bacteria in feces of man and ani- 
mals in water investigated. P-f. abil- 
ity indicated by production of acid re- 
action in synthetic medium to which 
ale.-sterilized pectin added aseptically. 
No visible gas production occurred. 


STRAINS FERMENTING 
FROM FECES OF 
507 56 persons 0 
68 3 horses 
118 6 fowls | O 
92 7 cows 3 (same cow) 
44 3 mules 7 (same mule) 
115 7 dogs 38 (4 dogs) 
259 from water | 71 


Four p-f. strains have characteristics of 
Esch. coli, 28 those of Aer. aerogenes 
and 32 those of intermediates. Some 
may belong in genus Erwinia or among 
non-pigmented Serratia. Present in- 
formation not adequate to make such 
differentiation. P-f. ability probably 
will not differentiate Erwinia from Esch. 
As relatively more p-f. coliform bacteria 
found in water than in feces of animals, 
some, at least, probably not of fecal 


origin.—Ralph E. Noble. 
Coli-Aerogenes Bacteria in _ Soil. 

NATHAN FRANK AND C. E. SKINNER. 

(Published in abstract only.) J. Bact. 


42: 143 (July ’41). 356 strains of coli- 
aerogenes organisms isolated from soil 
following preliminary enrichment in 
duplicate in brilliant green lactose bile. 
Soils were virgin or field soils unmanured 
within past 10 yr. Not more than 4 
strains isolated from any 1 sample. 
All colonies picked at random and re- 
peatedly replated for purif. V oges- 
Proskauer, methyl red, citrate, and 
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indole tests showed: Escherichia, indole- 
pos. 19.66%, neg. 1.4%; intermediates, 
indole-pos. 3.93%, neg. 30.34%; Aero- 
bacter, indole-pos. 11.52%, neg. 33.15%. 
All but possibly 1 gave pos. V.-P. test 
when methyl red was neg., or vice versa. 
High incidence of coli and intermediates 
and necessity for repeated replating to 
purify cultures stressed.—Ralph E, 
Noble. 


Some Characteristics of a Coli-Like 
Organism Isolated From Chlorinated 
Water. J. M. Copientz anp Max 
Levine. (Published in abstract only.) 
J. Bact. 41: 89 (Jan. ’41). Organism has 
been isolated from surface water supply 
that had been treated with 0.6 ppm. 
chlorine (Cle) plus 0.6 ppm. ammonium 
sulfate. Contact period had been 1} hr. 
at O°C. with 0.45 ppm. residual Cle. 
Characteristics of organisms conformed 
to those of coliform group, as stipulated 
in Standard Methods. Gram-neg., non- 
spore-forming rod, fermenting lactose 
with gas production and grew aerobi- 
cally. Culture much more resistant to 
Cl, than Esch. coli. Spores not demon- 
strated, but culture had many character- 
istics of members of genus Aerobacillus. 
Although more resistant to heat than 
Esch. coli, culture not highly resistant, 
being killed in 10 min. at 80°C. Or- 
ganism did not grow well on nutrient 
agar, but grew luxuriantly in presence 
of carbohydrates. Produced very small 
colonies, having marked metallic sheen 
on eosin-methylene blue agar. No 
growth occurred on MacConkey’s agar 
nor in tryptose-lauryl sulfate medium of 
Mallman. On glucose agar, large, slimy, 
almost-transparent colonies (1 em. or 
more in diam.) formed, but capsules 
not demonstrated.—Ralph E. Noble. 


Iron Bacteria: Classification, Identifi- 
cation and Corrective Measures. ANON. 
Pub. Wks. 70: 22 (Oct. °39). When 
iron present in water (about 2 ppm.), 
iron bacteria may grow, causing serious 
trouble. Iron-forming bacteria classi- 
fied according to physical forms into 
two groups: higher bacteria such as 
Crenothrix, generally recognized by 


threadlike form; and lower bacteria 
such as Siderocapsa, occur in spherical, 


A. W. aA, 


spiral, or rodshaped forms. Dosage 
of 0.5 ppm. of chlorine considered 
sufficient to kill iron-bacteria growths, 
with heavier applications and flushing 
where growths accumulated, as in wells, 
reservoirs, and pipes. For sulfur bae- 
teria, 1.0 ppm. activated carbon found 


effective.—P.H.E.A. 


Bacteriophages in Soil. ©. L. Pas- 
RICHA AND B. M. Pau. Indian Med. 
Gaz. 76: 416 (July ’41). During course 
of certain expts. designed to demonstrate 
antagonistic bacteria for intestinal 
pathogenic bacteria of man, interesting 
observation made that many samples of 
garden and field soil contain bacterio- 
phages active against these organisms. 
1 in 100 suspension in saline of soil when 
added in l-ml. amts. to melted agar 
coptg. thick suspension of one of test 
bacteria and poured, after incubation, 
showed no. of bacteriophage colonies. 
Eberthella typhosa, B. flexneri, B. shigae 
and Vibrio cholerae used as tests or- 
ganisms, and from 12 to 16 samples of 
soils examd. bacteriophages active 
against some or all four test organisms 


isolated. In some plates as many as 
120 bacteriophage colonies present. 
Most frequently occurring — bacterio- 


phages were dysenteryphages and next 
in order typhoidphages and cholera- 
phages. These bacteriophages present 
in samples of soil taken at different levels 
(down to 3’) below surface. Findings 
demonstrate how widely bacteriophages 
distributed in nature.—P.H.E.A 


Ferrobacteria of Caucasian Mineral 
Springs and Their Réle in the Formation 
of Ferrous Deposits. 0. Y. VoLKova. 
Mikrobiol. (U.S.S.R.) 8: 863 (’39). (In 
English, p. 886) Typical iron bacteria, 
chiefly Gallionella, occur in springs of 
Zheleznovodsk and Pyatigorsk at temp. 
of 27-32°, but not in springs with temps. 
of 40-55°. Bacteria occur near outlets, 
where supply of oxygen highest. Not 
affected by seasonal changes, high con- 
tent of mineral matter, low content of 
ferrous iron (3-4 g./l.), content of carbon 
dioxide in water, by light or darkness, 
nor by swiftness of flow. Optimum pH 
value 7-7.6. Presence of iron bacteria 
influences pptn. of iron. In bottling 
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waters, they are filtered in atmosphere of 
earbon dioxide, since satn. with carbon 
dioxide helps to keep iron dissolved in 
bottled water.—W.P.R. 


A Spore-Forming Lactose-Fermenting 
Organism From the Lexington Water 
Supply. Davin B. McFappen. (Pub- 
lished in abstract only.) J. Bact. 40: 
464 (Sept. Spore-forming, lactose- 
fermenting organism isolated from 
Lexington, Ky., watersupply. Organism 
considered responsible for frequent pos. 
and doubtful presumptive tests from 
supply. When first isolated, apparently 
micro-aerophilic since it grew only as 
sub-surface colonies in poured agar 


plates. Later adapted itself to grow 
moderately well under aerobic con- 
ditions. Most closely resembles Cl. 


tertium and B. aerosporus. Differs from 
former in that it liquefies gelatin, 
ferments inulin, and does not have 
strictly terminal spores. Differs from 
latter in failure to grow on Endo or 


eosin methylene blue agar plates, and 
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does not produce central 


Ralph E. Noble. 


spores.— 


Control of Drinking Water in Cochin- 
China—Study of Bacteriological Tech- 
nique. J. GuitterM, C. Laraste 
A. ViaLaRb-Goupovu. Arch. Inst. Pas- 
teur Indochine. (38). p.475. In study- 
ing local conditions of feeal contamn., 
certain modifications of classical meth- 
ods regarding estn. of Esch. coli in 
water suggested: (1) use of O8% 
CsH;OH, instead of 1% prepn. of titrated 
soln. of phenic acid; (2) quick identifiea- 
tion of cultivated germs in pos. cases 
without indole and hydroecarbonated 
fermentation on Cy.H».O, medium 
(merely qual. estn. of indole interferes 
with correct interpretation of result); 
(3) search of enterocoecus in pos. cases 
by culture on 1.8% phenie medium; (4) 
identification of B. perfringens and 
other anaerobic spores of intestines by 
culture in glucose medium; (5) reduction 
of sulfite in presence of Fe and formation 


to digest or “black rot’’ carrots. Also of black colonies.—C.A. 


Properties of Ordinary Water-Sub- 
stance. N. Ernest Dorsey. Am. 
Chem. Soc., Monograph No. 81. Rein- 
hold Publishing Corp., New York (’40). 
pp. xxiv + 673; $15. Book is result of 
project begun by com. of Natl. Bureau 
of Stds., chairman being late Dr. E. W. 
Washburn, chief chemist. Purpose of 
project to compile all material likely to 
be of interest to anyone studying proper- 
ties of water, exclusive of several iso- 
topic waters such as deuterium oxide 
(heavy water). Com. plans included 
assembling from International Criti- 
cal Tables all data pertaining to proper- 
ties of ordinary water-substance in all 
its phases, (b) revision and extension of 
those data in light of more recent work, 
(c) inclusion of types of data that had 
been omitted from Tables, either 
through oversight or because of nature 
of plan adopted, and (d) arrangement of 
whole to facilitate its use.’’ Chem. 
properties and reactions not considered. 
Description of arrangement of tables 


(289), of method used for literature refs. 
(more than 2,170), and of symbols, units 
and equivalents (tabulated) given in in- 
troduction. Book divided into 5 sec- 
tions: (1) Synthesis and Dissociation; 
(II) Single-Phase Systems; (III) Multi- 
Phase Systems; (IV) Phase Transition; 
and (V) Miscellanea. Largest section, 
on single-phase systems, subdivided into 
3 parts: water vapor (124 pp.), water 
(235 pp.) and ice (105 pp.). In all 
fields but those covered by International 
Critical Tables prior to Jan. 1, ’23, com- 
piler himself searched journals prior to 
June 30, 37. Tables complete in them- 
selves, each contg. information concern- 
ing units used, deg. of precision and 
sources from which data derived. 
Method of computation used in obtain- 
ing tables presented and exptl. methods 
described in detail. Very complete sub- 
ject index with many cross-refs. en- 
hances value of monograph. Many 
topics indexed under several entries to — 
aid in finding desired information 
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Contrary to most texts presenting de- 
tailed scientific data, presentation is 
excellent with much fascinating de- 
secriptive and qualitative information. 
Would be impossible to list all types of 
data presented under topics varying 
from acoustic data for ice to dielectric 
strength of water vapor. 25 pp. de- 
voted to forms and formation of ice; 
56 pp., with 19 tables, devoted to pres- 
sure-volume-temp. associations for 
water and 27 pp., with 15 tables, cover 
pressure-volume-temp. association for 
satd. water and steam. Vaporization 
and condensation discussed in 18 pp., 
with 7 tables. Other topics of general 
interest include following: soly., rate of 
soln. and diffusion of gases in water; 
freezing and melting; reflection of water, 
ice and snow; and luminescence of water 
vapor, water, and ice. 14 refs. given in 
interesting discussion on color of water 
and of sea, and 14 listed on prepn. of 
dust-free water. 

Much of the data could not be obtained 
from readily available Am. journals. 
For instance, of 6 refs. on elec. con- 
ductivity of ice, 4 from foreign journals, 
and of 25 refs. on thermal conductivity 
of ice and snow, all of foreign origin and 
only one reprinted in Am. journal. 
Several others serve as basis for [nter- 
national Critical Tables. 

[Obviously book represents years of 
painstaking work for benefit of everyone 
interested in properties of water. Every 
ref. library should inelude this mono- 
graph. Its value as vast store of se- 
lected information exceeded only by 
completeness of listed from 
which data selected.|—7. EF. Larson. 
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Biochemical Studies on the Purifica- 
tion Mechanism of Activated Sludge. 
Masazo WATANABE. Mitt. Med. Akad 
Kioto. (Jap.) 30: 861 ('40) (in German). 


I. The Biological Action of Activated 
Sludge. Ease of decompn. of carbohy- 
drates by activated sludge (act.sl.) de- 
creased in order: glucose, glycogen, 
starch, maltose, mannose, lactose, 


levulose, arabinose, galactose, xylose. 
Decompn. accelerated by continuous 
aeration; i.e., it increased with better 
development of aerobes in act.sl. 
Optimum pH for decompn. during aera- 


ABSTRACTS 


[J. A. W. Wea. 
tion 7.0. Decompn. increased with 
increase in temp. between 10° and 37°. 
Decompn. of nitrogenous substances, as 
ovalbumin, urea and city waste water, 
with act.sl. estd. by detg. org. N, KMn0, 
consumption and B.O.D. Optimum pH 
generally between 6.3 and 7.3, although 
it varied more or less according to sub- 
stances present. Influence of amt. of 
act.sl. on purif. effeet compared at vari- 
ous conens. of act.sl. With ordinary 
city waste water, optimum conen. of 
act.sl. (ratio of act.sl. to waste water) 
about 30%; greatest decrease in org. N 
and B.O.D. occurred at this conen. In- 
fluence of conen. of act.sl. small with 
dild. waste water, but very pronounced 
with highly contamd. waste water. In 
waste water highly contamd. artificially 
with milk, purifying action of act.sl. 
increased with increasing conen. of 
act.sl. Properties of waste water must 
always be considered in estg. amt. of 
act.sl. to be added. Purifying action 
with regard to nitrogenous substances 
always smaller with old act.sl. than with 
fresh. Decompn. of olive oil with act.sl 
poorest, compared with other org. sub- 
stances. Optimum pH at 7.0. De- 
compn. more or less accelerated by 
aeration. Here, it is question not only 
of direct microbiol. action, but also, at 
least in part, of enzymic Action of act.sl. 
Il. The Enzymic Actioti of the Activated 
Sludge. Filtration of suspension of 
act.sl. through Berkefeld filter yielded 
bacterium-free fluid, contg. hydrolytic 
enzymes, as amylase, protease (pepsin 
and trypsin) and lipase. Both bae- 
terium-free act.sl. fluid and act.sl. sus- 
pension had relatively high amylase ae- 
tivity; optimum pH was 6.5. Test for 
zymase activity of act.sl. fluid neg. 
Amylase in question readily adsorbed by 
fuller’s earth or animal charcoal, but 
poorly adsorbed by kaolin. Soln. ob- 
tained by elution of fuller’s earth or 
animal charcoal adsorbate with N/15 
phosphate soln. had very high amylase 
activity. Protease activity relatively 
lower in act.sl. fluid than in act.sl. sus- 
pension. Tryptic activity always higher 
than peptic activity; tryptic activities of 
act.sl. suspension and fluid about 3.3 
and 4 times higher, resp., than corre- 
sponding peptic activities. Lipase ac- 
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tivity always higher in act.sl. suspension 
than in act.sl. fluid; optimum pH 6.5. 
Act.sl., therefore, possesses definite en- 
rymic activity in addn. to bacterial 
activity. These hydrolytic enzymes 
probably either come from waste water 
itself (plant or animal disintegration) or 
represent products of act.sl. bacteria. 
Difficult to establish true enzymic na- 
ture of act.sl. suspension which has been 
treated with toluene, since such treat- 
ment does not always render suspension 
sterile. Activity of amylase of act.sl. 
increased by vigorous aeration; further 
increased by previous addn. of starch. 
Enzymic activity of act.sl. probably 
closely related to degree of development 
of aerobic bacteria. Enzymic activity, 
together with biol. activity highly im- 
portant in purif. mechanism of act.sl. 
III. Adsorption by Activated Sludge. 
Dried act.sl. powder adsorbs sacchar- 
ides, as glucose, levulose and maltose; 
in dil. soln. adsorption equiv. reached 
within 10 min. Adsorption highest for 
glucose, lowest for maltose. Adsorption 
of act.sl. by dried act.sl. marked com- 
pared with that of above carbohydrates. 
Freundlich adsorption equation holds for 
adsorption of carbohydrates and of 
act.sl. by dried act.sl. Adsorbability of 
fat acids in aq. soln. by act.sl. decreases 
in order: valerianiec acid, butyric acid, 
propionic acid, acetic acid, formic acid; 
i.e., their adsorbability increases with 
increasing mol. wt. Traube theory valid 
both for charcoal and for act.sl. With 
dried act.sl., exponent, 1/n, of adsorp- 
tion isotherm varies from 0.1756 for 
act.sl. to 0.8749 for levulose. Adsorp- 
tion capac. of fresh raw act.sl. always 
smaller than that of dried act.sl. Ad- 
sorption of org. and inorg. substances on 
raw act.sl. proceeds according to Freund- 
lich adsorption equation; Traube theory 
also holds for raw act.sl. Adsorbability 
of dyes on fresh act.sl. decreases in order: 
methylene blue B, phosphine, Auramine 
O, crystal violet, Benzo Brown B, Jap- 
anol Dark Green B, Silk Ponceau G, 
Benzopurpurin B, Rhodamine B, Congo 
Red. Exponent, 10n, varies from 0.3422 


for Congo Red to 0.8454 for Benzopur- 
purin B. No regularity found between 
adsorbability of dyes and their chem. 
constitution. When artificial adsor- 
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bents, as kaolin, animal charcoal and 
fuller’s earth, used in presence of bac- 
teria and protozoa, course of purif. 
process, studied by following KMnO, 
consumption, similar to that obtained 
with fresh raw act.sl. JV. Polaro- 
graphic Studies on the Specific Ash Con- 
stituents of Activated Sludge. Ash of 
act.sl. contained Cu 4.48, Zn 1,214.64, 
Pb 478.000, Al 27.66, Mn 3.98 and Cd 
5.56 mg. per 100 g. estd. polarograph 
ically, and Fe 6,148.24, Na 610.00, K 
13.00, Mg 1,006.00, Ca 490.00, Si 19,483.00 
and P 1,207.00 mg. per 100 g., as detd. by 
chem. methods. Sum of oxides of above 
elements makes up 58.5% of act.sl. ash. 
Act.sl. ash contained practically no Ni, 
Cr or Co. Trace elements probably 
related to activity of act.sl. and may be 
important for plant growth.—C.A. 


A New Method for the Estimation of 
the Putrefaction Capacity of a Contam- 
inated Water by Means of the Potassium 
Ferricyanide Consumption. Masazo 
WaTANABE. Mitt. Med. Akad. Kioto. 
(Jap.) 30: 1009 (40) (in German). Trans- 
fer 5 ml. K;Fe(CN)s soln. (16.46 g. 
K;Fe(CN).s dissolved in 1 1. water) to 
500-ml. volumetric flask and fill to mark 
with water under examn. Pipet 20 ml. 
of this soln. into test tube and heat ex- 
actly 15 min. on boiling water bath. 
Cool, add 3 ml. [-Zn soln. (5 g. KI + 
10 g. ZnSO, + 50 g. NaCl dissolved in 
200 ml. water), 2 ml. AcOH soln. (3 ml. 
glacial AcOH in 100 ml. water) and few 
drops of starch soln. (1 g. starch in 100 
ml. satd. NaCl soln.), and titrate mixt. 
with 0.005 N Na thiosulfate soln. If 
x = amt. of Na thiosulfate used, K;,FE- 
(CN)s consumption in mg. per |. water 
can be caled. from following equation: 
0.1646 * (2x) X 1000/20 = mg. K;Fe- 
(CN)s per |. water. K;Fe(CN)s con- 
sumption exactly same for raw waste 
water and corresponding sterilized waste 
water. Change in K;Fe(CN).s consump 
tion of waste water essentially parallels 
bact. count. K;Fe(CN)s consumption 
of river water increases with increase in 
its KMnO, consumption. Decrease in 
K;Fe(CN)s consumption of waste water 
exactly proportional to its diln. K;Fe- 
(CN)s consumption of water which con- 
tains H.S closely connected with its 
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H.S content; it can be assumed that 
K;Fe(CN)s consumption of waste water 
reveal its H.S content. Greater the 
K;Fe(CN)s consumption of waste water, 
greater is its putrefaction capac.; one 
K;Fe(CN)s consumption detn. of water 
will, therefore, reveal its putrefaction 
capac. Procedure also permits orienta- 
tion as to purif. effect of waste water to 
be purified biologically, since KsFe(CN 
consumption almost proportional to 


oxidizability of water.—C.A. 


The Significance of the Froboese Chlo- 
rine Number in the Determination of 
Organic Substances. M. Hivura. Mitt 
Med. Akad. Kioto. (Jap.) 28: 724 (40) 
(in German). Relation between chlo 
rine no., as estd. by Froboese modi- 
fication of procedure of El’manovich and 
Zaleskil, and potassium permanganate 
demand of water contg. org. substances 
in conens. of 20, 50, or 100 mg./1. studied. 
Org. substances used: glucose, xylose, 
sucrose, maltose, starch, oxalic, pro- 
pionic, butyric, isovaleric and benzoic 
acids, glycine, d-alanine, d-glutamic 
acid, l-leucine, urea, amino-acids, and 
proteins and their decompn. products. 
Chlorine no. of org. substances depends 
essentially on their chem. constitution. 
Chlorine no. of nitrogen compds. high 
in comparison with their permanganate 
demand; detn. of chlorine no. of water 
contamd. with proteins or their de 
compn. products therefore more sensi- 
tive and accurate than estn. of oxidiz 
ability by Kubel-Tiemann procedure. 
Both chlorine no. and consumption of 
potassium permanganate should be estd 
in studying deg. of contamn. of water by 
org. substances.—W.P.R. 


Old and New Systems for Reporting the 
Inorganic Constituents in Natural 
Waters. V.G.ANvDERSON. Chem. Inst. 
J.& Proc. (Australia) 7: 187 (’40). Out- 
lines work on anal. of water since 1663. 
Modern methods of expressing results of 
anals. discussed. Although in some 
ways expression of results as hypotheti 
cal compds. undesirable, may be of 
value in certain cases, e.g., when detg. 
type of scale which water would form in 
boiler. Author proposes expression of 
each radical as percentage of chlorides 
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present. Method particularly suitable 
for Australia, where most waters eop. 
tain considerable amts. of chloride. By 
using method, similarity of many waters 
to one another and to sea water becomes 
apparent. Graphical method of ex. 
pressing results, in which radicals repre. 
sented on sides of parallel-sided fig. 
described; general characteristies of 
water can be seen from shape of fig. — 


W.P.R. 


Irregularities in the Results of the De- 
termination of Hardness by the Boutrop 
and Boudet Method in Waters Containing 
Strontium Salts. KE. Niccour anp Y. 
Castnr. Chim. Ind., Agr., Biol. (It.) 
17: 187 (41). Gravimetric control, i.e, 
detn. of Mg and Ca, in waters contg. Sr 
salts does not correspond to hardness 
detns. by Boutron and Boudet method, 
Results obtained by this method always 
higher than theoretical, but not possible 
to cale. true coef. for correction.—C,A 


A Cheaper Nessler’s Reagent by the 
Use of Mercuric Oxide. L. F. Wicks, 
J. Lab. Clin. Med. 27: 118 (’41). Red 
mercuric oxide (analytical reagent qual.) 
and twice usual equivalent of potassium 
iodide used in prepn. of Koch-MeMeekin 
soln. Reagent, identical in  compn. 
with solns. prepd. by original formula 
or by use of mercuric iodide, obtained 
at less expense.—C.A. 


A Note on the Decomposition of 
Nessler’s Solution. W. E. James, F. A. 
SLESINSKI AND H. B. Pierce. J. Lab. 
Clin. Med. 27: 113 (’41). Extreme sensi- 
tivity of Nessler’s reagent to fumes of 
acetone emphasized. Appearance of 
yellow ppt. in solns. stored in rubber- 
stoppered bottles traced to presence of 
rubber stoppers. They had been wiped 
with acetone to remove blood on rubber. 
—C.A. 


Anhydrous Sodium Thiosulfate, Pri- 
mary Standard. M. ToMLinson 
AND FraNK G. Craperra. Ind. Eng. 
Chem.—Anal. Ed. 13: 539 (Aug. ’41). 
Sodium thiosulfate pentahydrate after 
dehydration at 120°C. suitable for use as 
primary std. in iodimetry. When ac- 
curacy greater than 2 parts per thousand 
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not obligatory, ep. salt of commerce 
may not require recrystallization.— 
Selma Gottlieb. 


Synthetic Resins as Exchange Adsor- 
bents. Ropert J. Myers, Joun W. 
BasTES AND Freperick J. Myers. 
Ind. Eng. Chem. 33: 697 (June ’41). 
Discovery by Adams and Holmes in °35 
that phenol-formaldehyde resins show 
ion-exchange properties opened new 
felds in chemistry of synthetic resins, 


and in base-exchange phenomena. 
Characteristics of non-resinous exchange 
adsorbents discussed. Resinous cation 
exchange adsorbents can be made ad- 
vantageously with naturally occurring 
tannins as source of polyhydrie phenolic 
nucleus, and condensing with formalde- 
hyde. Introduction of strongly acidic 
groups, e.g., alkyl] or aryl sulfonic acids, 
gives increased exchange capac., 
at low pH. Anion exchange or acid- 
adsorbent properties can be made by 
condensing aromatic amines such as 
aniline or m-phenylone diamine with 
formaldehyde. Condensation of amine 
with monosaccharide yields anion ex- 
changer renewable by alkali. Both 
resins may be viewed as insoluble “‘lat- 
tice’ contg. ‘‘active spots.’’ Research 
here and abroad has developed superior 
resins with increased mech. and chem. 
stability, higher exchange capac. and 
velocity, greater porosity and improved 
regenerability. The Resinous Products 
& Chemical Co. has developed the Am- 
berlite-IR resins which are homogeneous 
gels combining large inner surface and 
high reactivity with mech. strength. 
Now in commercial production on small 
scale, and are but examples in varied 
scheme with any desired phys. and 
chem. properties. Exchange reactions 
are typically: 


esp. 


2 NaR + CaSO, — + Na.SO, 
HR + NaCl > NaR + HCl 
X + H.SO, X-H.SO, 


where NaR is Na salt of cation-exchange 
resin, HR is H form of same resin, and X 
is anion-exchange (acid-adsorbent) re- 
sin. Passage of water through double 
system of anion and cation exchangers 
removes all dissolved salts, and yields 
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effluent comparable to distd. water in 
qual., though silica not removed. Also, 
one ion can be replaced by another as 
desired and salts made by double de- 
compn. To compete in water softening 
field, resinous exchangers must at least 
meet specifications now set for zeolites, 
other things being equal. Grain size 
can be controlled, as with zeolites. 
Resinous exchangers are considerably 
lighter in wt. (true density) than green- 
sands or synthetie gel zeolites, an ad- 
vantage in  backwashing, though 
exchanger bed must have adequate free- 
board to prevent mech. loss of resin. 
Resinous exchangers imbibe water and 
swell when dry product is placed in 
water; those showing high degree of 
swelling are finished wet. Capac. of 
wet resins on vol. basis considerabiy 
higher than that of siliceous or carbon- 
aceous exchangers. Resinous exchang- 
ers apparently insoluble in acids, alkalis 
and salt solns., and in hot and cold 
water, and show low attrition and reac- 
tion losses. Amberlite-IR-1 had eapac. 
of 7,200 to 16,000 grains per cu.ft. com- 
pared with value of 2,600-2,980 for green- 
sand, 4,000-5,500 for synthetic zeolites 
and 5,500-7 ,000 for carbonaceous zeolites. 
Previous data of workers abroad indicate 
that synthetic resin exchangers well- 
suited for water softening applications 
and possess many advantages over older 
exchange adsorbents. Resins contg. sul- 
fonie acid groups may be converted to 
hydrogen derivative by dilute acid, re- 
sulting H then being capable of replacing 
all cations, including Na and K, in aq. 
solns. undergoing treatment. Regen- 
eration is by 1 to 2% HCl or H.SQ,. 
Bicarbonates and carbonates are con- 
verted to carbonic acid removable by 
aeration, thus lowering total solids, 
alky. and hardness. Free mineral acids 
produced may be neutralized with alkali 
or preferably removed by anion-ex- 
changer adsorbent. Exchange is stoich- 
iometric and can be used for detn. of 
cations, resulting free acid being titrated 
with 0.1 N alkali. On exhaustion, titra- 
tion value drops rapidly, but if original 
water contains both Na and Ca, resin 
will then act as Na exchanger, no Ca 
passing until Na _ resin exhausted. 
Capac. of tannin-formaldehyde resin for 


= 
itable 
con 
By 
raters 
“OMes | 
ey. 
4 
Vays 
sible 
4 | 
the | 
CKS, | 
Red | 
al.) 
ium 
pn. 
ula 
ned | 
of 
A. 
of | 
of 
er- 
of 
ed 
Pr, | 
IN 
18 
d 


— 
- Ca/H exchange was from 7,550 to 8,650 
_ grains per cu.ft., in same general range 
as results on carbonaceous zeolite pre- 
viously reported by Applebaum. 
_ Anion-exchanger resins probably act by 
adsorbing whole acid molecules, very 
little neutral salt cleavage occurring, 
though easily hydrolyzable salts of weak 
bases are split and resulting acid re- 
moved. Sulfate may be replaced by Cl 
by passing SO, soln. over anion-exchange 
resin in its hydrochloride form. Capac. 
varies considerably with chem. constitu- 
tion, improved aromatic diamine resin 
and new type of anion-exchanger resin 
giving most encouraging results. Dia- 
mine resin showed marked dependence of 
exchange capac. upon developed surface, 
but new anion-exchange resin did not. 
No suitable materials available for com- 
parison tests with resins of this type. 
Anion-exchange resins successfully used 
in tandem with H-exchangers to produce 
high quality ‘“‘chemically distd.”’ water 
on lab. seale from Philadelphia tap 
water. Chem. constitution as well as 
compn. det. capac. of resin adsorbents, 
though chem. compn. alone dets. for 
siliceous and carbonaceous exchangers. 
Resins exchangers feasible for softening 
water for industrial and domestic use 
and for solids reduction for industrial 
use. Acid in H-exchanger-treated water 
can be neutralized by bicarbonate in 
raw or Na-exchanger-treated water. 
Ion-exchange resins, because of chem. 
stability, may be used for recovering 
valuable electrolytes from very dilute 
solns., e.g., Cu from industrial effluents 
mine wastes, undesirable 
metal ions from metal salts, traces of 
electrolytes from solns. of non-electro- 
lytes. Traces of acidity may be re- 
moved by simple adsorption with no 
neutral salt being imparted. Softening 
of hot water requires special resins, al- 
Selma Gottlieb. 


or traces of 


ready devel yped 


Synthetic-Resin 
Water Purification. 


Ion Exchangers in 
Operating Charac- 


teristics. Rospertr J. Myers anp JOHN 
W. Eastes. Ind. Eng. Chem. 33: 1203 
(Sept. ’41). Operating characteristics 


of synthetic-resin ion exchangers studied 
in apparatus larger than usual lab. equip. 


Results showed that these resins are 
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stable in acid, neutral or alk. solng,, 
have high capac. and can be efficiently 
regenerated. For cation exchanger (Am- 
berlite-IR-1), downward flow with 4 
to 7% salt conen. best method of regen. 
eration. Capac. remains constant after 
repeated partial regeneration or “bed 
starvation.’”’ Break-through and _ total] 
sapacs. independent of water hardnegs. 
High conen. of sodium ions tolerated 
before eff. of calcium removal impaired. 
Ca effectively removed in pH range of 
1.8 to 9.03. When same resin regen. 
erated with acid (4% HCl), hydrogen 
cycle results and resin converts bicar- 
bonate to carbonie acid removable ag 
CO, by aeration. Anion exchanger 
(Amberlite-IR-4) removes anions jn 
their acid form but does not extensively 
remove them from solns. of neutral salts, 
Preferential adsorption of certain iong 
noted. Rates of operation and regenera- 
tion influence results in anion exchange- 
ers, slower regeneration giving better 
results. 2% Na2CO; most practical; has 
extremely high adsorption capac. and 
high chem. eff. of regeneration.—Selma 
Gottlieb. 


Water Absorption of Resins. Ernest 
P. Irany. Ind. Eng. Chem. 33: 1550 
(Dee. 741). Most resinous materials 
used in new plastic arts are water in- 
soluble but still capable of absorbing 
varying amts. water upon extended im- 
mersion. Process may depend on true 
but limited soly. of water in resinous 
medium, on chem. or sorptive phenom- 
ena, or capillary action. For quant. 
study of water absorption, necessary to 
observe whole course of absorption-time 
functions under isothermal conditions. 
Homogenous resinous substances ab- 
sorb water by diffusion, in good accord 
with theoretically deduced law. Latter 
specifies 2 independent material factors, 
P, rate of penetration or permeability, 
and S, satn. limit under given conditions, 
Both. consts. required for adequate de- 
scription of material. In presence of 
dispersed granular or fibrous fillers, 
capillary action predominates. Water- 
attracting or binding agents, e.g., hy- 
drophylic chem. groups on resin molecule 
or impurities such as soluble salts, cause 
deviations from fundamental régimes.— 
Ralph E. Noble. 
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Concentration of Dilute Solutions of 
Electrolytes by Base-Exchange Materials. 


Roy H. BreaTton CLIFFORD C. 
FurNAS. Ind. Eng. Chem. 33: 1500 
Dec. 41). Hitherto, base-exchange (b- 


e.) substances used to remove calcium 
and magnesium nuisances from potable 
waters and replace with sodium. Much 
larger field promised in recovery of 
chem. values. B-e. reactions between 
copper sulfate solns. and carbonaceous 
zeolite in hydrogen form studied. Par- 
ticular emphasis placed on H-ion conen. 
Cu eonens. ranged from 0.5 to 900 moles 
per |. and H-ion conen. from 9.5 X 
10 to 3.5 X 10-2 mole per |. Zeolite 
shows buffering action at pH 1.98, with 
characteristics distinctly different on 
2 sides of this apparent isoelectric point, 
indicating similarity to colloidal solns. 


and 
élma 


Established that zeolite absorption 
eapac. for Cu functioned by ratio Cu- 
ion to H-ion conens. alone. Rate of 
transfer measurements made by passing 
solns. through zeolite beds and taking 
conen. history of effluent. Transfer 
eoefs. obtained by considering b-e. 
analogous to heat transfer and found in- 
dependent of fluid velocity. Expts. 


suggest avg. coef. decreased as bed 


height increased, probably due to re- 
leased H-ions interference with the 
exchange reaction over increased portion 
of bed. Studied feasibility of using 
zeolites for increasing conen. of dilute 
solns. of cations by regenerating bed 
with fairly strong sulfuric acid. Start- 
ing with 0.005 N CuSO,, over 220-fold 
increases in conen. obtained. Possible 
applications of data given. Under ideal 
conditions, in zeolite system contg. 
0.005 N H,SO,, 1 lb. latter would effeet 
increase in conen. equivalent to evapg. 
4,200 lb. water. Demonstrates unique 
possibilities in zeolites for recovering 
valuable cations from very dilute in 
dustrial wastes.—Ralph E. Noble 


Determination of Phenol in Water. 
K. JagEGeRS. Wasser u. Abwas. (Ger.) 
38: 103 (’40). Colorimetric calibration 
curves prepared for detn. of phenol, o- 
and m-cresol, naphthol, xyenol, resor- 
cinol and pyrocatechol by use of diazo- 
tization method with p-nitroaniline and 
Folin-Denis reagent. Reagents gave 
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widely different results with unknown 
mixtures of phenols. To obtain con- 
sistent results, calibration curve for 
mixt. contg. 50% phenol and 50% m-cre- 
sol should be used.—C.A. 


Determination 
M. P. 


Photocolorimetric 
Phenol in Aqueous Solutions. 


Baskin. Zavodskaya Lab. (U.S.S.R.) 
9: 1244 (’40). Two methods of detg. 


phenol studied: (1) Moir and Hinden 
method with p-nitroaniline, and (2) 
Houghton-Pelly method with nitrosodi 
methylaniline. Former can be used to 
det. conens. of 0.05-10 mg./l. and most 
accurate results are obtained for conens. 
of 0.05-2 mg./l. In latter, stable blue 
coloration obtained which makes it 
possible to det. phenol with sufficient 
accuracy within conens. of 0.15-10 mg./I. 


—C.A. 


Liquid Film Formation. A Criticism 
of the Balanced-Layer Theory. THomAs 
H. HazLtenurst AND Harvey A. NE 
VILLE. Ind. Eng. Chem. 33: 1084 (Aug. 
Authors believe balanced-layer 
theory to be thermodynamically un- 
sound and supported by unsound and 
irreproducible data, improperly evalu- 
ated. Reply. Ibid. p. 1086. C. W. 
FouLk: Grants argument of authors with 
regard to dynamic vs. static surface 
tension, but otherwise defends his equip., 
data and evaluation of results. Gon- 
siders balanced-film theory useful 
because it enables one to predict whether 
certain solns. will or will not foam, 
whether theory is true or not.—Selma 
Gottlieb. 


Bromocresol 
Carbonates in 


The Mixed Indicator 
Green-Methyl Red for 


Water. Srancit S. Cooper. Ind. Eng 
Chem.—Anal. Ed. 18: 466 (July ’41). 
Mixed indicator responding visually 


between pH 4.60 and 5.00 made by dis 
solving 0.02 g. of methyl red and 0.10 
g. of bromocresol green in 100 ml. of 95% 
aleohol. Three drops of this in 100 or 
250 ml. of soln. shows max. color change 
over this pH range, from light pink at 
pH 4.6, light pink gray with cast of blue 
at pH 4.8, and light blue with lavender 
gray at pH. 5.0. Final equivalence point 
pH definitely dependent on CO; content 
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there existing, and corresponding end- 
_ point color may be selected: pHe-». = 4.10 


+ 43 log (7 + 1) ; where pH.-p. = pH 


vat end-point; B = vol. of mixed carbon- 
ate sample, in ml.; D = vol. of A normal 
acid to reach HCO; equivalence point; 
and z = addnl. ml. of same acid to reach 
carbonic acid equivalence point. Acid 
used was 0.0200 N HCl standardized 
against NasCO;. If pHe-p. is less than 
4.60, sample should be dild. with CO»- 
free distd. water before titration, or 
indicator converted to pink, soln. stirred 
vigorously for about 30 sec., and result- 
ing blue cast converted to pink. Mixed 
indicator gives good agreement with 
values obtained by electrometric titra- 
tion with glass electrode, and is more 
reliable than either methyl orange or 
methyl! orange-xylene cyanole, except in 
solns. in which HCO; developed is high. 
If soln. is alk. to phenolphthalein, it is 
titrated to colorless with acid, mixed 
indicator added and titration completed. 
If free CO, is.present, soln. is titrated to 
phenolphthalein end-point with NaOH 
or Na.COs; to det. COs, mixed indicator 
added, and total HCO; titrated with 
0.020 N HCl. Bicarbonate originally 
present in sample caled. by difference. 
Mixed indicator can be used in all titra- 
tions of HCO; with acid if pH... now 
lower than 4.6; e.g., soln. developing 210 
ppm, of HCO; has pHe-». 4.5., outside 
range of mixed indicator. Vigorous 
stirring for 30 sec., however, removed 
enough CO, to allow pH to rise into indi- 
cator range. Mixed indicator has not 
been applied to more coned. solns. but 
should work if CO. removed by agitating 
soln. until one or two drops of acid dis- 
charge blue developing on stirring.— 
Selma Gottlieb. 


A Rapid Procedure for Determination 
of Carbonate. A. C. Kuyper anp Lots 
M. Jones. Ind. Eng. Chem.—<Anal. Ed. 
13: 801 (Nov. ’41). Total carbon dioxide 
quantitatively pptd. as strontium car- 
bonate and soln. adjusted to neutral with 


phenolphthalein. Known amt. acid 
added to liberate CO,.. Latter then 
aerated from soln. and excess acid 


titrated with alkali. If organic acid or 
bases present, are wholly or partially 
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color easily controlled.—Selma Gottlieb. 


> 
= 


neutralized in prelim. pH adjustment: 
after adding acid, brought back to same 
state of neutralization. Phosphate 
pptd. as strontium phosphate and, after 
adding acid, re-pptd. in back-titration, 
Iron pptd. as its oxide and titrated baek 
to same. When present in small amts,, 
ammonia does not interfere; in large 
amts., does, with phenophthalein end- 
point. Magnesium pptd. as hydroxide 
when soln. first made alk. and dissolves 
slowly when neutralized. Interferes to 
extent not dissolved during this neutral- 
ization. This procedure faster and of 
more general application than limited 
one of simply adding acid to sample, 
removing CO, by boiling and titrating 
excess acid.—Ralph E. Noble. 


Determination of Soluble Silica in 
Water. H. Lewis Kanver. Ind. Eng, 
Chem.—Anal. Ed. 18: 536 (Aug. ’41), 
Yellow silicomolybdate complex, formed 
by interaction of soluble silica and 
ammonium molybdate in soln., 
reduced with Na2SO; to molybdenum 
blue, and interference by tannins, alky., 
phosphate, iron and other ions elimi- 
nated. Color, temp. and color progres- 
sion offer no practical interference, 
Method requires 4 min. on 10-ml. sample, 
using photometer, and gives accuracy 
comparable to gravimetric methods. 
Procedure: To 10 ml. sample, add 5 ml, 
of HCl reagent (20 ml. of 1.19 sp.gr. per 
1.) and 5 ml. of ammonium molybdate 
reagent (102 g. of ammonium molybdate, 
contg. 81% MoOs, per 1.). Allow to 
stand approx. 1 min., reduce with Na,SO; 
soln. (170 g. of 97% anhydrous Na,S0O; 
per 1.). Read color in photometer, 
adjusting instrument to zero reference 
with 10-ml. sample, treated with acid 
and Na SO; and 5 ml. of distd. water. 
With quant. of HCl used, pH is 2.4 to 
2.7, found to be optimum. Temp. of 
sample and reagents should be maintd. 
within +5° of soln. temp. at time of 
standardization. Range of method is 
0.1 to 50 ppm. of silica. Phosphate up 
to 150 ppm. does not interfere. Alky. up 
to 350 ppm. can be tolerated; boiler 
waters more alk. than this should be 
dild. Yellow color stable for 5 to 30 
min.; color progression of blue reduction 
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Adsorption of Soluble Silica From 
Water. L. D. Betz, C. A. AaNnpb 
J. J. Macurre. Ind. Eng. Chem. 33: 
gi4 (June ’41). Further studies on 
Remosil, specially prepd. magnesium 
oxide for removal of soluble silica from 
water with actual decrease in solids 
content of effluent. Previous findings 
that removal is due to adsorption rather 
than stoichiometric chem. reaction con- 
firmed. Retention time of 15 min. suffi- 
cient under most circumstances, though 
longer retention increases percentage of 
silica removed. As is common with 
adsorption reactions, wt. of silica re- 
moved per part of MgO lower for higher 
MgO dosages and lower silica in water. 
Silica is at min. at pH 10.1 though it 
changes little from pH 9.5 to 10.6. As 
residual silica in treated water decreases, 
control of pH becomes less important. 
Where hot-process phosphate softening 
used, lab. tests indicate that MgO and 
NaOH should be added for silica re- 
moval, followed by filtration or sedi- 
mentation and phosphate treatment to 
avoid adsorption of phosphate by Mg 
ppts., though simultaneous treatment 
might be possible in field. Findings of 
Behrman and Gustafson, that MgO to be 
effective must be formed in situ in water 
to be treated, though dolomitic lime can 
be used under certain special conditions, 
verified. Additional Ca introduced may, 
however, cause considerable difficulty. 
Sludge recirculation increases amt. of 
silica removed per part of MgO. Data 
shown for plant seale operation in con- 
junction with hot lime-soda softening, 
indicating better silica removal on plant 
than on lab. seale.—Selma Gottlieb. 


The Determination of Small Amounts 
of Copper in Water and Sewage. C. R. 
Hoover, J. W. MasseELur R. H. 
Cor. (Published in abstract only.) Sew. 
Wks. Eng. 13: 37 (Jan. ’42). Interest in 
effect of Cu in water and sewage due to 
increased use of Cu in pipe, possible 
changes in Federal stds. for drinking 
water, and large vol. of Cu-contg. wastes 
discharged to streams, has increased 
importance of detg. small amts. Sev- 
eral methods studied. In ease of sew- 
ages and sludges, prepg. sample generally 
more difficult than actual quant. est. 
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Prepn. by pptn. and extraction, Kjeldahl 
digestion, conventional ashing and nitric 
acid extraction compared. First method 
apparently most accurate but third one, 
under controlled conditions, may be 
made satisfactory routine. Quant. detn. 
by std. carbamate method compared 
with other colorimetric methods, visu- 
ally and photoelectrically. Visual sen- 
sitivity appears greater unless deep 
layers of soln. used. Stability of un- 
knowns and stds. to light apparently 
important.—Ralph E. Noble. 


A Rapid Method for the Microanalysis 
of Lead. LAawreNCcE T. FAIRHALL AND 
Ropert G. Keenan. J. Am. Chem. 
Soe. 63: 3076 (Nov. ’41). Permits 
objective separation and precise evalua- 
tion of minute amts. in drinking water 
and urine without ashing. 5 or 6 1. 
water may be extracted in 1-1. portions 
with 100-mg./l. chloroform soln. of 
dithizone. Wash extract at least 3 
times with distd. water. Remove lead 
from chloroform layer with 10-ml. 2% 
nitric acid, transfer to 25-ml. Erlen- 
meyer flask, neutralize, reacidify with 
acetic acid, ppt. as chromate, boil, filter 
through small filter, wash, dissolve in 
few drops dil. hydrochloric acid and wash 
into 5-ml. glass stoppered flask, add 
potassium iodide and titrate with 0.002 
N sodium thiosulfate soln. using micro- 
buret following addn. of 1 or 2 drops 
carbon disulfide to indicate end-point.— 
Ralph E. Noble. 


Colorimetric Determination of Lead by 
Diphenyl Carbazide. T. V. Letonorr. 
Ind. Eng. Chem.—Anal. Ed. 18: 631 
(Sept. ’41). Addnl. experience with 
detn. of Pb by method of Letonoff and 
Reinhold has revealed several points in 
procedure where difficulties may be 
encountered, and where certain modifica- 
tions, although minor, may permit more 
accurate results to be obtained. These 
are elaborated.—Selma Gottlieb. 


Photoelectric Colorimetric Technique 
for the Dithizone System. F. L. Ko- 
ZELKA AND E. F. Kiucsesxy. Ind. 
Eng. Chem.—Anal. Ed. 18: 484 (July 
Technique described, applicable 
to photoelee. colorimeters for detn. of 
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component in two-component sys- 
tem. Especially adaptable to dithizone 
system since it eliminates necessity of 
removing excess dithizone and simplifies 
procedure for routine anal. Recoveries 
of +1 microgram of lead obtainable. 
Technique based on fact that lead di- 
— thizonate in CCl, shows max. absorption 
at 5200 A where absorption of dithizone 
in CCl,is at min.—Selma Gottlieb. 


Separation of Bismuth From Lead With 


Ammonium Formate. Sitve 
Ind. Eng. Chem.—Anal. Ed. 18: 897 
(Dec. ’41). Suited for both quant. 


separation and detn. of Bi and Pb and 
for quant. separation of small amts. Bi 
from large amts. Pb. Nitrie acid soln. 
of Bi and Pb neutralized with ammonia 
and ammonium carbonate. Ammonium 
formate added and ppt. of basic bismuth 
formate filtered, washed with hot water, 
-re-pptd., then ignited to the oxide. 
Ppt. can also be dissolved in hydro- 
_chloric acid and Bi detd. as oxychloride. 
If bismuth formate ppt. very small, can 
be dissolved in dil. sulfurie acid and Bi 
detd. colorimetrically with potassium 
iodide. Pb pptd. in filtrate of the 
bismuth formate as chromate with 
potassium or ammonium dichromate.— 


Ralph E. Noble. 


Colorimetric Determination of Iron 
With Kojic Acid. M. L. Moss with M. 
G. Ind. Eng. Chem.—Anal. 
Ed. 13: 612 (Sept. 41). Oxidize iron in 
properly prepd. sample, contg. 1 mg. of 
Fe or less, by boiling with a little nitric 
acid, persulfate or hydrogen peroxide. 
Dilute with iron-free water and add 1 g. 
of ammonium acetate, filter if not clear, 
transfer to 100 ml. flask, add 10 ml. of 
0.1% kojie acid soln., dil. to mark and 
mix well. Color may be detd. by usual 
methods; stds. for visual comparison 
prepd. with same acid conen. as sample 
may be kept one week. Aluminum, 
citrate, oxalate or pyrophosphate inter- 
fere. Color less intense than with thio- 
cyanate or o-phenanthroline and permits 
detn. without dilution on samples too 
high in Fe for direct detn. with thio- 
cyanate or o-phenanthroline. F to 15 
ppm. does not interfere; effect on color 
linear to 100 ppm. F.—Selma Gottlieb. 
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Thiocyanate Method for Iron. J. 7 


Woops witH M. G. MELLON. 


Spectrophotometric study shows that 
in detn. of Fe with thiocyanate, follow. 
ing variables must be kept reasonably 
const.: amt. of reagent, amt. and kind of 
acid, use of excess oxidizing agent, time 
of standing, presence and amt. of certain 
interfering ions, and dielectric const, of 
solvent. Colors should be matched 
within 4 to 5 hr. For general work. 
o-phenanthroline probably best of reg. 
gents studied; mercaptoacetic acid 
recommended total iron.—Selma 
Gottlieb. 


for 


Study of Ferric Thiocyanate Reaction, 
CHARLES A. PETERS AND CHESTER |, 
FrencH. Ind. Eng. Chem.—Anal. Ed. 
13: 604 (Sept.’41). Max. color produced 
in solns. 0.01 N in acid, over limited 
range of iron. Increasing thiocyanate 
overcomes lessening of color intensity by 
higher conens. of HCl, decreases amt. of 
acid needed to develop same color in- 
tensity, and progressively increases 
colored substance with no indication of 
reaching max. Extraction of red color 
by ether depends on CNS/Fe ratio, and 
high ratio necessary for Fe extraction.— 
Selma Gottlieb. 


A Simple Colorimetric Micromethod for 
Determining the Oxygen Content of 
Aqueous Solutions. R. BRINKMAN aANpD 
A. VAN SCHREVEN. Acta Brevia Neer- 
land. Physiol., Pharmacol., Microbiol. 
(Neth.) 11:77 (’41). 2,4-Diaminophenol 
dihydrochloride in alk. soln. oxidized by 
D.O. to stable blue compd. Intensity 
of color directly proportional to oxygen 
content. Take 0.2-ml. sample in syringe 
and transfer in 0.2-ml. glass-stoppered 
measuring tube contg. small bead and 
approx. 0.01 ml. diaminophenol reagent 
(200 mg. in 1 ml. 0.1 N_ hydrochloric 
acid, trace of sodium bisulfite to remove 
any red color and 25 ml. glycerol). Fill 
tube to mark, add 0.02 ml. of soln. of 
250 mg. sodium cyanide in 25 ml. 10% 
sodium carbonate from fine jet intro- 
duced deeply below surface of liquid and 
stopper tube, thus discarding surface 
layer. Shaking produces blue color in 
2 min. which is stable for 30 min. Meas- 


A.W. Wea, 


Ind. Eng, 
Chem.—Anal. Ed. 13: 551 (Aug. 41), 
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ure color photometrically against std. 
curve obtained with known oxygen 
conens.—C’.A. 


Quantitative Determination of Dis- 
solved Oxygen. F. Saarp, Davip 
B.Hanp ANDE.S. Gururie. Ind. Eng. 
Chem.—Anal. Ed. 13: 593 (Sept. 41). 
Method depends on oxidation in special 
oxygen anal. tubes of reduced ascorbic 
acid by D.O. in presence of ascorbic acid 
oxidase from cucumbers, and titration 
of resulting ascorbie acid with 2,6-di- 
chlorophenolindophenol. Developed for 
liquids contg. org. matter (esp. milk) it 
shows good agreement with Winkler 
method on water samples. One analyst 
can make 30 detns. in 4 day.—Selma 
Gottlieb. 


Sulfamic Acid Modification of the 
Winkler Method for Dissolved Oxygen. 
Sruart COHEN AND C,. C. RUCHHOFT. 
Ind. Eng. Chem.—Anal. Ed. 13: 622 
(Sept. 41). Use of soln. of 4% sulfamic 
acid in 20% H.SO, as preliminary treat 
ment for removal of nitrites in D.O. 
detn. as satisfactory as azide modifica- 
tion for detn. of D.O. and B.O.D. in 
sewage treatment and river poln. studies. 
Azide and sulfamie acid are of equal 
value in prevention of biochem. oxida 
tion when D.O. sample must be stored 
for short time. To make reagent, dis- 
solve 4 g. of sulfamie acid in 50 ml. of 
distd. water and add 50 ml. of cold 40% 
H.SO,. Slight turbidity inconsequen- 
tial. 1 ml. of this soln. added to 300 
ml. D.O. sample bottle; will destroy 
19.3 ppm. of nitrite N. Stopper bottle, 
shake, allow to stand for 10 min. and 
proceed as in azide modification. Sulf- 
amie acid has advantage, over sodium 
azide, of cheapness, availability, non- 
poisonous nature, stability in sulfuric 
soln. and formation of soluble sulfam- 
ates, though it is only 7 as effective by 
wt. as sodium azide.—Selma Gottlieb. 

Dissolved Oxygen and B.O.D. Deter- 
minations. Their Application and Inter- 
pretation. C.C.Rucnuortr. Sew. Wks. 
Jour. 18: 542 (May ’41). D.O. detn. 
used principally in activated-sludge 
plant control, B.O.D. studies, and in 
stream poln. work for following oxygen 
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sag and studying re-aeration. Winkler 
method for D.O. considered most satis- 
factory, but, in variety of waters to 
which detn. applied, substances that 
interfere with method frequently en- 
countered. Various modified procedures 
briefly discussed and recommended for 
various materials as follows: 


Modification 


Alk. hypochlorite 


Material 

Paper-mill wastes 
contg. sulfites or 
sulfides 

Wastes contg. fer- 
rous and ferric 
iron 

Raw sewage 


Rideal Stewart a 
with fluoride 


Alum flocculation 
with short Wink- 


ler 
Activated-sludge Sulfamie acid in- 
mixed liquor hibiting reagent 


followed by Als- 
terberg azide 
Rideal Stewart, 
Alsterberg azide 
and sulfamie acid 


River waters and 


effluents 


B.O.D. test which is direct adaptation 
of natural purif. reaction of pold. waters 
described, and precautions to be ob 
served in carrying out test pointed out. 
Interpretation of results discussed, and 
generally accepted formulas for conver 
sion of B.O.D. data obtained at one 
incubation time and temp. to other times 
and at different temps. presented. 
B.O.D. decrease in streams and so-called 
immediate demand discussed briefly. 


P.H.E.A. 


Chlorine and Salt Cake From Salt and 
Sulfur. Artruur W. Hrxon ALVAN 
H. Tenney. Ind. Eng. Chem. 33: 1472 
(Dec. ’41). New sources needed to meet 
increased demand for Cl. and salt cake. 
Anhydrous reaction sulfur trioxide (SOs) 
on NaCl offers possible means of produc- 
ing sodium sulfate and Cl, simulta- 
neously from cheap chems. (1) NaCl 
and gaseous SO; react to form addn. 
compds. of same. Reaction impeded by 
crust formation. (2) Higher addn. 
compds. unstable at room temp. (3) 
Between 225-300°C., 3 moles sodium 
chlorosulfonate liberate 1 mole each of 
Cl, and SO,. (4) Solid residue of this 
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PR, pressure, atm. 
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reaction empirically an equimolar mixt. 
_ sodium pyrosulfate and chloride, react- 
’. to form sodium sulfate, 
Comparisons of possible 
using these reactions with exist- 
ing and abandoned processes for Cl, 
Noble. 


ing above 300°C 
Cl, and SQsz. 
process 


and salt cake made.—Ralph E. 
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Solubility of. ‘in Water. 
P. WHITNEY AND J. E. VIVIAN, 
Eng. Chem. 38: 741 (June ’41). Solubil 


ity of Cl in water determined experi- 

mentally by passing various CI-N gas 

mixtures through an equilibrium cell in 

thermostat 

with partial pressures of Cl from 0.06 


at temp. from 10 to 25°C. 
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A.W. Wid 


to 1.0 atm. Results agreed well with 
values previously reported though hy. 
drolysis consts. calculated have } to 3 
of Yakovkim’s values. Equation given 
for extrapolating solubility values to 
over one atmosphere. (See also following 
abstract.)—Selma Gottlieb. 
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Nomograph for the Solubility of Chlo- 
rine in Water. D.S. Davis. Ind. Eng: 
Chem. 33: 1202 (’41). Most recent data 
on soly. of chlorine in water those of 
Whitney and Vivian [see previous ab- 
stract] who presented pressure-conen. 
isotherms in addn. to tabular informa- 


tion for sei of 10° eesti 25°C., 0.06 to 1.0 
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atm. chlorine pressure, and 0.1 to 0.8 g. 
chlorine per 100 g. water. From sound 
theoretical considerations they derived 
relation between c, conen. of chlorine 
(in all forms) as moles per 100 g. water, 
and p, chlorine pressure in atm., equiva- 
lent to c = ap + bp, where a and b 
depend upon temp. Eq. and table given 
enable constr. of nomograph (Fig. 1) 
from which solys., corresponding to any 
temp. and pressure in ranges of data, 
ean be read quickly and accurately. 
Use of chart illustrated as follows: To 
det. soly. of chlorine in water when 
pressure is 0.6 atm. and temp., 20°C., 
follow key, connecting 0.6 on p; scale 
with 20 on ¢; scale and producing line to 
vertical axis at right. Connect 0.6 on 
p, scale with 20 on ft, seale and produce 
line to vertical axis at left. Line con- 
necting intersections at right and left 
axes will cut S seale in desired value, 4.89 
g. chlorine per 1,000 g. water. Since 
mol.wt. of chlorine is 7.091, S in g. of 
chlorine per 1,000 g. water equals 709.1 
c.—Ed. 


Nomograph for the Solubility of Sulfur 
Dioxide in Water. D. 8S. Davis. Ind. 
Eng. Chem. 33: 730, 1376 (June, Nov. 
Accompanying line co-ordinate 
chart (Fig. 2) was constructed by author 
from equation connecting pressure (par- 
tial pressure of SO. in mm. Hg) and 
temp. (°C.) to facilitate interpolation 
on convenient and reproducible basis 
for solubilities as g. SO./100 g. water 
over range 0.51, 1.09, 4.36 and 7.45 g. 
Elsewhere usually yields values between 
Beuschlein and Simenson data and those 
of International Critical Tables (III: 302 
'28)). Three temp. scales designed for 
use in 3 ranges of conens. Dashed index 
line shows soln. testing 2.5 g. SO./100 g. 
H,O has partial SO, pressure of 428 mm. 
Hg at 50°C. Dotted temp. scale used 
because designated as proper scale for 
conens. embracing S = 2.5. In converse 
use of chart to find conen. corresponding 
to given temp. and partial pressure, 
proper temp. scale is one yielding concen. 
in range for which temp. scale marked.— 


Ralph E. Noble. 


Experiments on the Removal of Arsenic, 
Vanadium and Fluorine From Water. 
Rocetio A. TRELLES AND JOSE M. 
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Bacu. Bol. Obras Sanitarias Nacion. 
(Arg.) 5: 243, 353, 469 (Mar., Apr., May 
41). Part 1. Elimination of Arsenic: 
Fact that some deep well waters in 
Argentina contain arsenic, vanadium 
and fluorine, either singly or simulta- 
neously, in conens. far above safe limit 
established for these elements in drink- 
ing water prompted search for practical 
methods of removal. Expts. with ac- 
tivated bauxite indicated impracticabil- 
ity of this method of treatment because 
of limited arsenic-fixing capac. of mate- 
rial. No better results obtained when 
attempt made to eliminate arsenic by 


Partial Pressure Concentration 
40 of 
Pp, mm. S02 /100 g. sof/n. 
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use of ‘Fluorex,’’ calcium phosphate 
used for fluoride removal. Formation of 
iron hydroxide ppt. by treating alk. 
waters with FeCl, proved effective for 
arsenic elimination. Dose of 40 ppm. 
FeCl sufficient to reduce arsenic conen. 
from 2.5 to 0.07 ppm. in water of pH 8.2 
contg. 365 ppm. alky. Prolonged agita- 
tion with suspension of MgO proved 
ineffective for removal of arsenic from 
water at ordinary temps. Possible, 
however, to obtain excellent removal by 
bringing magnesia-treated water to bp. 
and allowing ppt. to settle out. Elim- 
ination of arsenic from carbonate- or 
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contg. water also found 


_ possible by lime treatment. This pro- 


a _ cedure, however, does not seem practical 


because of large amts. of chem. needed to 
raise pH of water high enough for effec- 
tive treatment. When CaCQs;, as such, 
added to water, no removal of arsenic 
obtained. Pptn. of magnesium hydrox- 
_ ide by treating magnesium-contg. waters 
_ with lime also found effective for arsenic 
elimination. Part 2. Elimination of 
Vanadium: Vanadium-fixing capac. of 
activated bauxite for water of pH 6.0 
found to be on order of 10 mg. of vana 
dium per gram of filtering material. In 
alk. waters, activated bauxite only ,\, 
as efficient. Still more limited was 
vanadium-fixing capac. of ‘‘Fluorex.’’ 


As in case of arsenic, good results ob- 
tained in alk. waters by use of FeCl. 
Dose of 30 ppm. FeCl, sufficient to reduce 


vanadium from 2.5 ppm. to trace in 
ao waters of pH 8.6 contg. 390 ppm. alky. 
7 as CaCO;. Treatment with MgO not 
effective unless water brought to bp. 
Lime treatment of carbonate- or bicar- 
bonate-contg. water found to be effective 
for removal of vanadium providing 
treated water brought to final pH of 12. 
Addn. of CaCQOs, as such, to water not 
effective. Pptn. of magnesium hydrox- 
ide by lime treatment of magnesium- 
contg. waters, also accomplished removal 
of vanadium. Part 3. Elimination of 
Fluorine: Results of study now in 
progress on use of activated bauxite for 
fluoride removal to be reported at a later 
date. In presence of 1.5 g./l. MgO 
possible to reduce fluoride conen. from 
5.0 to 0.2 ppm. by bringing water to bp. 
Greater the bicarbonate content of 
water, the more complete the removal. 
Treatment of water contg. 100 ppm. of 
magnesium with lime to final pH of 12, 
reduced fluoride conen. from 5 to 3 ppm. 


Slightly better results obtained with 
waters of high bicarbonate conen. 
CaCO;, as such, added to the water 


ineffective for fluoride removal.—/. M. 


Sanchis. 


Vanadium, Its Determination in Wa- 


ters. Jose M. Bacu anv RoGeE.io A. 
Bol. Obras Sanit. Nacion. 
(Arg.) 65: 127 (’'41). Previously de 


scribed method Smpeies to det. V 
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without first sepg. Fe; 50 ml. of water 


made acid to Congo red with H SO,; § 

drops of a soln. contg. 23g. of o- hydroxy. 
quinoline in 100 ml. of 20% soln. of citrie 
acid, followed by shaking, 10 ml. of 
isoamyl ale. and shaking again. Ale. 
layer removed and colorimetrically com. 
pared with similarly treated std. solng. 
of NaVO; -4H.O. Cu interferes.—C.A, 


Report on Waters, Brine and Salt. 
Fluorine in Water. A. E. Mix. J, 
Assn. Off. Agr. Chem. 23: 447 (’40). 
In continuation of previous work, detng. 
of conen. of fluorine by thorium nitrate 
titration method of Assn. made on 4 
samples of artificial mineral water; avg, 
deviation of results from correct value 
(2.04 ppm.) was 0.23 ppm. fluorine. In 
previous expts. deviation 0.287 ppm. for 
32 trials. Percentage errors for 2 series 
of expts., 7.5 and 3.3, resp. Method 
suggested by D. Dahle for detn. of 
fluorine in soln. of brine gave std. devia, 
tion of 1.18 ppm. and error of 8.5%- 
Method for anal. of brine differs from 
that for mineral waters in that, with 
brine, chlorides removed by oxidation 
with potassium permanganate instead of 
silver perchlorate, and coned. sulfurie 
acid instead of perchloric acid used to 
liberate hydrofluoric acid. Errors in 
thorium nitrate titration may be caused 
by incomplete removal of chlorides and 
presence of phosphate from commercial 
salt used. Distillate from artificial 
mineral water found to be highly acidic; 
effect of acidity on titration not known. 
100-ml. sample of mineral water made 
alk. with sodium hydroxide became acid 
when evapd. down to 20 ml. During 
evapn., soln. should be kept alk. by 
addn. of sodium hydroxide. If Claissen 
flask overheated, perchloric acid disin- 
tegrates, giving hydrochloric acid, which 
dists. over. Hydrochlorie acid also 
produced from chlorides; this should be 
removed from soln. by addn. of ealed. 
amt. of silver perchlorate.—W.P.R 


Report on the Analysis of Water, Brine 


and Salt. Determination of Fluorine in 
Water. A. E. Mix. J. Assn. Off. Agr. 
Chem. 24: 540 (’41). Present Assn. Off. 


tentative Th nitrate titra- 
modified as follows: (1) 
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addn. of 1 ml. of 0.1% NH,OH-HCI to 
aliquot titrate; (2) use of std. color 
comparison tube; (3) running blank on 
each distn. for F; (4) evapn. of sample 
before distn. in porcelain or Pt over 
Bunsen flame just below boiling point; 
(5) preliminary detn. of chlorides and 
pptn. in distg. flask with AgClOy. Modi- 
fed method studied collaboratively, 
results justifying changes. Method 
especially applicable to solns. contg. 
1,00-3.00 ppm. F, in which range of 
expected error will be 3.3-416% and 
expected std. deviation 0.071-0.230. 


Determination of Small Amounts of 
Fluorine in Water. O. J. WALKER AND 
G. R. Finuay. Can. J. Res. 18: B: 151 
(40). Colorimetric method of Sanchis 
and titration method of Willard and 
Winter for detn. of fluorine in water 
modified to overcome interference of 
other dissolved substances. For titra- 
tion method, sample, contg. approx. 
0.2 mg. fluorine, made alk. to phenol- 
phthalein with caustic potash soln. 
coned. to 50 ml. and distd. with acid at 
110°C., water being added from time to 
time to maint. temp. of flask below 
135°C. 20 ml. of coned. sulfurie acid 
normally used, but if more than 2 ppm. 
phosphates present, 30 ml. of 60% per 
chloric acid used. If content of phos- 
phates very high, distn. first with sulfuric 
acid, then with perchloric acid, required. 
75-100 ml. of distillate collected and 
made alk. to phenolphthalein’§ with 
caustic potash soln. For titration in 
ale. soln., distillate coned. to 20 ml.; 
20 ml. of ethyl aleohol and 3 drops of a 
0.5% soln. of sodium alizarin sulfonate 
in water added and sufficient hydro- 
chlorie acid to change color from red to 
yellow. 2 ml. of Hoskins and Ferris 
buffer soln. added before titrating with 
std. thorium nitrate soln. in Nessler 


tube. For titration in aq. soln., distil- 
late coned. to 50 ml., 3 drops of indicator 
and sufficient hydrochloric acid to 
change color to yellow added. 3 ml. 
buffer soln. added and soln. titrated 
with thorium nitrate soln. Effects of 
various ions which interfere with color- 
imetric detn. of fluorine given, and 
method deseribed. Only colorless sam- 
ples can be anald. by this method. 2 
ml. of 3N hydrochloric acid, 2 ml. of 
3.N sulfuric acid, and 1.8 ml. of indicator 
added to 100 ml. of sample. Indicator 
contains 0.17 mg. sodium alizarin sulfon- 
ate and 0.87 mg. zirconyl nitrate per ml. 
Soln. heated to boiling, allowed to stand 
overnight, and compared with similarly 
treated solns. contg. known amts. of 
fluorine. Graphs given from which 
correction required for different quants. 
sulfate can be found. Solns. contg. 
more than 1.5 ppm. fluorine must be 
suitably dild. before use. Samples 
contg. more than 2 ppm. phosphates, 
aluminum, or ferric ions should be anald. 
by titration method. Results for 27 
samples of water in Alberta with con 
tents of fluorine between 0 and 4.4 ppm. 
given.—W.P.R 


A Photocolorimetric Method for the 
Determination of Fluorine. A. B. SHAKH- 
KELDIAN AND E. Serpospova. Uchenye 
Zapiski Saratov. Gosudarst. Univ. 
(U.S.S.R.) 16: 4: 87 (in English, 93) 
(40). Basis for detn. was decolorization 
of Fe(CNS)s soln. by addn. of alkali 
fluoride in accordance with equation: 
6F- + Fe(CNS),. = FeFs ~ ~ +CNS-. 
Full details for carrying out detn. with 
aid of photoelee. cell given. Red light 
filter could not be used, but with blue 
light filter detn. of 0-8 mg. fluorine in 
100 ml. aq. soln. accomplished within 
about 1.3% of truth, which is very good 
for these small quants.—C.A. 
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Chapter [IX—-War Production Board 
Subchapter B—Division of Industry Operations 


Part 960—Chlorine and Products Containing Available Chlorine 


GENERAL PREFERENCE ORDER NO. M-19 AS AMENDED 
FEBRUARY 25, 1942-—-TO CONSERVE THE SUPPLY AND 


DIRECT THE DISTRIBUTION OF CHLORINE AND PROD-. 


: UCTS CONTAINING AVAILABLE CHLORINE 


The Amended Order which by its terms took effect immediately upon 


visions of Amendment No. 1 to General Preference Order M-19 which are 


ee contains the following new provisions in addition to those pro- 


reincorporated in such Amended Order: 


(1) The Order is applicable to products containing available Chlorine as 
well as to Chlorine which alone forms the subject of Amendment No. | 
to General Preference Order M-19. 

(2) The use of Chlorine and of products containing available Chlorine 
‘in bleaching foodstuffs, bleaching of wiping rags and waste and the manu- 
facture of cosmetics and toilet preparations is prohibited. 

(3) The uses of Chlorine and of Chlorine products for certain other pur- 
poses is curtailed in varying percentages of the consumption for the corre- 
sponding purposes during the fiscal year ending June 30, 1941. 

(4) Users of Chlorine or Chlorine products for potable water treatment 
and sewage treatment need no longer file with their suppliers Form PD-190, 
but are required instead to file a certificate to the effect that the Chlorine 
or Chlorine products so received will be used only for such purposes. 

(5) Beginning March 1, 1942, all orders for products containing available 
Chlorine must be accompanied by PD-277, properly executed, except in 
the case of Chlorine products for water and sewage treatment and except 
when the quantity ordered is small (5 lb. in case of solids and one gallon 
containers in case of liquids). 


a) Section 960.1 (General Preference Order No. M-19, as amended) 1s 


hereby amended to read as follows: “6 


yo 


OB 7 
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WHEREAS, national defense requirements have created a shortage of 
Chlorine and products containing available Chlorine, as hereinafter defined, 
for the combined needs of defense, private account and export, and it is 
necessary in the public interest and to promote the defense of the United 
States, to conserve the supply and direct the distribution thereof; 

Now, therefore, it is hereby ordered that: Sad 
960.1 General Preference Order (a) Definitions. ' 

(1) “Chlorine”’ means gaseous and liquid Chlorine; 

@) ‘Products containing available Chlorine” means any product which 

eadily releases Chlorine; such products include, but are not limited 
all combinations of Chlorine with caustic soda, soda ash, or lime, 
such combinations being commonly known by one or more of the 
following names: sodium hypochlorite, liquid bleach, true or high-test 
calcium hypochlorite, chlorinated lime, chloride of lime, bleaching 
powder, or sodium chlorite; and also includes solutions of any such 
products or any mixture containing one percent (1%) or more of any 


a 


such products; 

(3) “Producer” means any person engaged in the production of Chlorine 
or products containing available Chlorine, and includes any person 
who has such materials produced for him pursuant to toll agreement ; 

4) “Distributor”? means any person who purchases Chlorine or products 
containing available Chlorine for resale; 

(5) “Supplier” means any Producer, Distributor or other person who 
sells or offers for sale Chlorine or products containing available 
Chlorine. 

(6) ‘Base Period” means the period July 1, 1940 to June 30, 1941. 

(b) Restrictions on Use. 

(1) Curtailment in certain uses. Hereafter the use or consumption by 
any person of Chlorine and products containing available Chlorine 
shall be, in terms of Chlorine or available Chlorine content, curtailed 

or prieer ‘ted in the following processes to the following quantities: 


) In the manufacture of pulp and paper, to such quantity of such 


pater ‘rials as are or may be required to comply with General 
Limitations Order No. L-11, or any supplement or amendment 
thereto, 

(ii) In textile bleaching or processing, in any one calendar month 
commencing with March 1942 to not more than 50% of one- 
twelfth of such materials consumed by him during the base period. 

(iii) In shellae bleaching and processing, in any one calendar month 
commencing with March 1942 to not more than 75% of one- 
twelfth of such materials consumed by him during the base period. 

(iv) In linen-supply, hotel and commercial laundry operations, in 
any one calendar month commencing with March 1942 to not 
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during such period. 

“a (vy) In the manufacture of sodium hypochlorite solutions for 

Wee retail sale in containers of one-gallon capacity or less, in any one 
calendar month commencing with March 1942 to not more than 
60% of one-twelfth of such materials consumed by him during 


base period. 

: (vi) In sanitation of swimming pools, other than public and instity- 
tional swimming pools, in any one calendar month commencing 
ss with March 1942 to not more than 25% of one-twelfth of such 
materials consumed by him during the base period. 

(vii) In the case of any person acquiring Chlorine or products 
-—s containing available Chlorine for any use specified in this para- 
graph (b) (1), but who was not a consumer in the base period, his 

ss permitted consumption shall be in the same relative proportions 
hereinabove indicated but shall be based on his consumption 
7 during the month of September 1941 or such other period as may 
be directed by the Director of Industry Operations. 
(2) Prohibited uses. Hereafter, the use or consumption by any person 
of Chlorine or of products containing available Chlorine is prohibited 
for any one or more of the following purposes: bleaching of foodstuffs, 


bleaching of wiping rags and waste, and manufacture of cosmetics and 
toilet: preparations. 

(c) Placing Orders. Anything in Priorities Regulation No. 1, as 
amended, to the contrary notwithstanding: 

(1) No Producer of Chlorine shall, except as the Director of Industry 
Operations may otherwise direct, accept an order, whether it be that 
of a Distributor, another Producer, or a Consumer, for delivery of 
Chlorine unless such order has been placed with him on or before the 
10th day of the month preceding the month in which delivery is 
sought, and unless such order is accompanied by Form PD-190 (in 
duplicate) properly executed by the person placing such an order. 
The Form PD-190 submitted by a Distributor must be accompanied 
by the original and one copy of each Form PD-190 submitted to him 
in accordance with paragraph (c) (2) hereof in connection with orders 
accepted by him. 

_ (2) No Distributor of Chlorine shall, except as the Director of Industry 

Operations may otherwise direct, accept an order for delivery of 

Chlorine unless such order has been placed with him on or before the 

5th day of the month preceding the month in which delivery is sought 

and unless such order is accompanied by Form PD-190 (in triplicate) 
properly executed by the person placing such order. 
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(3) No Producer or Distributor of Chlorine shall make, and no Person 
shall accept, delivery of Chlorine unless and until such Form PD-190 | 
has been properly executed and timely filed in accordance with the 
provisions of paragraphs (c) (1) and (2) hereof. 

(4) Each pulp and paper manufacturer requiring Chlorine, either pur- 
chased or his own production, in addition to filing Form PD-190 with _ 
his Supplier as provided in paragraph (c) (1) hereof, shall on or before 
the 15th day of the month preceding the month in which delivery is 
sought on said Form PD-190 file with the Pulp and Paper Branch of 
the War Production Board, Washington, D. C., Form PD-190A (in 
duplicate) properly executed, which shall list among other things the 
quantity of Chlorine ordered from each Supplier, the amount of his 
requirements to be supplied from his own production, if any, and his 
estimated distribution by use in pulp and paper manufacture of the 
total quantity of Chlorine ordered from others and produced by 
himself. 

(5) No Supplier of products containing available Chlorine shall, com- 
mencing with March 1, 1942, except as the Director of Industry Oper- 
ations may otherwise direct, accept an order, whether it be that of a 
Distributor, Producer or a Consumer, for delivery of such products 
unless such order is accompanied by Form PD-277, properly executed 
by the person placing such order. Such order, accompanied by the 
properly executed Form PD-277, may be placed with Supplier at the 

times and in the manner usually followed by such person in placing 
orders. 

(6) Anything in paragraph (c) to the contrary notwithstanding, no 

~ Form PD-190 nor Form PD-277 need accompany any order for Chlorine 

or for products containing available Chlorine placed with a Supplier 
for use for potable water treatment and sewage treatment; however, 
in lieu of such Forms, the following certification, properly executed, 
should be inscribed on such orders: 

“Tt is hereby certified by the undersigned that the Chlorine 
or products containing available Chlorine ordered hereon 
will, upon delivery, be used only for potable water treatment — ie 
or sewage treatment or both. , 


Signature of Official 
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Also anything in paragraph (c) te the contrary notwithstanding, no 
-Form PD-277-need accompany any order placed with retail outlets for 
produets containing available Chlorine in liquid form in a container of 
one-gallon capacity or less or in solid form in a quantity of five pounds 
or less. wok 
(d) Withholdings From Scheduled Deliveries. 

(t) Each Producer of liquid Chlorine in scheduling in each calendar 
month beginning with February 1942 deliveries of liquid Chlorine to 
be made during the succeeding month shall withhold from scheduling 
for delivery five per cent (5%) of his total estimated production of 
liquid Chlorine for such succeeding month; and, except as provided in 
paragraph (d) (3) hereof no Producer shall make commitments for the 
sale or delivery during such succeeding month with respect to five 
per cent (5%) of such estimated production. 

(2) In addition to the Chlorine withheld from delivery in accordance with 
paragraph (d) (1), each Producer who normally supplies liquid Chlo- 
rine for potable water treatment and sewage treatment shall also each 
month withhold from scheduling for other uses from the succeeding 
month’s production a quantity of liquid Chlorine estimated to fulfill 
requirements for those purposes during such succeeding month. This 
quantity shall be distributed in such succeeding month for potable 
water treatment and sewage treatment in accordance with para- 
graph (e) (3). 

(3) No Producer shall deliver liquid Chlorine as to which commitments 
may not be made pursuant to paragraph (d) (1) hereof, except upon 
express instructions of the Director of Industry Operations. If prior 
to the 15th day of the month in which a Producer is required by the 
provisions of paragraph (d) (1) hereof to withhold deliveries of liquid 
Chlorine, the Director of Industry Operations has issued no instrue- 
tions with respect to the disposition of such liquid Chlorine, or if on 
such date it appears that any portion of the liquid Chlorine estimated 
to fulfill requirements for potable water treatment and sewage treat- 
ment by paragraph (d) (2) hereof will not be required for such purposes 
in such month, Producers may make deliveries of such liquid Chlorine 
without regard to the restrictions contained in paragraphs (b) and (ce) 
hereof, or otherwise, except that the same shall be subject to the 
provisions of Priorities Regulation No. 1, as amended. 

(e) Delivery Schedules. 

(1) Each Producer of Chlorine shall, except as the Director of Industry 
Operations may otherwise direct, on or before the 15th day of each 
calendar month, file with the Chemicals and Allied Products Branch 
of the War Production Board, Washington, D.C. Form PD-191 
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(in duplicate) properly executed, which shall list among other things a 
schedule of deliveries of Chlorine which such Producer proposes to 
make in the succeeding month, the preference rating, if any, applicable 
to each delivery, the orders tendered to him for delivery during the 
succeeding month which he has not scheduled, his estimated produc- 
tion for the succeeding month and the amount of liquid Chlorine to be 
reserved for the succeeding month in accordance with the provisions 
of paragraphs (d) (1) and (2) hereof. Each original Form PD-191 
shall be accompanied by a single copy of each Form PD-190 submitted 
to the Producer and listed on said Form PD-191. After such Forms 
have been filed with the Chemicals and Allied Products Branch of the 
War Production Board, any changes of circumstances or matters 
occurring thereafter affecting the accuracy of the statements contained 
in such Form PD-191 shall be forthwith reported to the Chemicals 
Branch of the War Production Board. 
(2) On and after February 1, 1942, except as provided in paragraph (e) 
(3) hereof and except as may be otherwise specifically authorized by 
the Director of Industry Operations, Producers of Chlorine shall make 
no deliveries to any person unless and until the same shall have been 
authorized to do so by the Director of Industry Operations. Such 
authorization by the Director of Industry Operations shall be based 
primarily upon insuring the satisfaction of all defense requirements 
and providing an adequate supply for essential civilian uses. Each 
Producer of Chlorine shall, upon being apprised of the deliveries which 
have been authorized by the Director of Industry Operations, forth- 
swith notify his customers of the extent of such authorization as the 
same may affect them. Each Distributor shall, upon being apprised 
by the Producer of the extent to which deliveries to such Distributor 
have been authorized by the Director of Industry Operations, forth- 
si with notify his customers of the extent of such authorization as the 
same may affect them. If, however, by the 25th day of the month 
preceding the month in which deliveries are to be made, no instruc- 
tions have been issued by the Director of Industry Operations, Pro- 


ducers may make deliveries of Chlorine in accordance with, and only 
in accordance with, the schedules filed by them with the Chemicals 
and Allied Products Branch of the War Production Board. Nothing 
in this paragraph contained shall require a Producer as a condition to 
making delivery of Chlorine for a use for potable water treatment or 
sewage treatment to obtain authorization by the Director of Industry 
nor shall a Producer or Distributor be required to notify 
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CHLORINE CONSERVATION ORDER [J. A. W. W. A, 


(3) Producers of Chlorine shall in their usual manner, and whether 
directly to the Consumer or through their Distributors, distribute for 
potable water treatment and sewage treatment the liquid Chlorine 
withheld in accordance with paragraph (d) (2). In case of distribu- 
tion through Distributors, the Distributors must, prior to delivery of 
Chlorine to them for either such purpose, certify that the Chlorine go 
delivered will not be distributed for any use other than potable water 
treatment or sewage treatment and will not exceed an estimated 
thirty-day supply for such purposes. 

(4) Each distributor of products containing available Chlorine, other than 
a reseller through retail outlets of such products in liquid form in con- 
tainers of one gallon capacity or less or in solid form in quantities of 
five pounds or less, shall, on or before the 5th day of each calendar 
month commencing with April 1942, file with his Supplier or Suppliers 
Form PD-278 properly executed, which shall list among other things a 
schedule of deliveries of such products made by such Distributor dur- 
ing the preceding calendar month, the particular product delivered, 
the use to which such product was devoted, and the inventory of such 
Distributor as of the first day of such calendar month. 

(f) Restrictions on Sales and Deliveries. 

(1) No Producer or Distributor shall knowingly sell or, directly or in- 
directly, deliver or cause to be delivered any Chlorine, or products 
containing available Chlorine, for any one or more of the uses specified 


= 


= 
ace 


a in paragraph (b) (1) hereof in greater quantities than are therein 
specified or for any prohibited use; and no person shall accept deliver- 
- ies of such materials for any one or more of the uses specified in 
_ paragraph (b) (1) in greater quantities than for permitted consumption 


and inventory or for any prohibited use. 
_ (2) Nothing herein contained shall be construed to restrict any person 
to the same product or type of product, be it Chlorine or product con- 
taining available Chlorine, that he has heretofore purchased ; provided, 
however, that the substitution or replacement of any one such product 
for or by another shall be made only on an equivalent available 
Chlorine basis. 
(g) Assignment of Preference Ratings. 
: (1) For purposes of scheduling deliveries, defense orders which have not 
been assigned a higher preference rating are hereby assigned a prefer- 
ence rating of A-10. 
_ (2) Unless a higher preference rating has been specifically assigned by 
order of the Director of Industry Operations, and subject to Priorities 
Regulation No. 1, as amended, orders for Chlorine and for products 
containing available Chlorine for the uses (or for the manufacture of 
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products for such uses) set forth below are hereby assigned the prefer- 
ence rating set opposite each such use as follows: 


Use Preference 
rating 
Potable water treatment A-2 
Sewage treatment 
Hospital, clinic and sanitoria sanitation 
Dairy and other food processing plant sanitation ANB 
Public eating and drinking establishment sanitation A-6 
Publie and institutional swimming pool sanitation 4: \-6 
Sanitation in surgical and medical supplies manufacture A-6 
Diaper laundry sanitation and bleaching - 6 
Manufacture of products for medicinal, surgical, dental 
and veterinarian ll A-6 


Flour processing A-9 


Foodstuff processing and refining other than bleaching 


not elsewhere classified . A-9 
Food preservation A-9 
Use by Industrial, Research & Educational Laboratories A-10 


Manufacture of vitamin products eae : 
Manufacture of insecticides and fungicides 
Manufacture of catalyst materials d 
Industrial water treatment 
Metals refining 
Petroleum production and refining 
Processing of pulps, as follows: 
(a) High alpha pulps (not less than 90°, alpha cellu- 
lose content) 
(b) Dissolving pulps 
(c) Nitrating Pulps 
(d) Pulps used in manufacture of photographic base 


papers B-2 
(e) Pulps in which Chlorine is a processing rather than 
a bleaching chemical B-2 
Manufacture of petroleum product additives B-2 
Manufacture of industrial chemicals, coal tar chemicals, 
dyestuffs and intermediates B-2 
Manufacture of industrial plastics and rubberlike 
products 


ied 


Pulp and paper bleaching not elsewhere classific 
Textile bleaching and processing 
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CHLORI 
rating 

Shellac bleaching and processing = B-5 
Laundry operations in linen supply, hotel and commer- 

cial laundries B-5 
Packaged products containing available Chlorine for 

retail sale B-5 
Sanitation of Swimming Pools not elsewhere classified B-5 


Foodstuff bleaching ‘ Use prohibited 


Wiping rag and waste bleaching = prohibited 
Cosmetics and toilet preparation = prohibited 


(h) Intra-Company Transactions. The prohibitions or restrictions con- 

tained in this Order with respect to acceptances of orders and deliveries 
direction apply not only to acceptances of 
persons, including affiliates and 


in the absence of a contrary 
orders from and deliveries to other 
subsidiaries, but also to acceptances of orders from and deliveries to 
one branch, division or section of a single enterprise by or from another 
branch, division or section of the same or any other enterprise owned 
or controlled by the same person. 

Inventory Restrictions. No Producer, or Distributor, shall make, and 
no person shall accept deliveries of Chlorine or products containing 
available Chlorine which will effect an increase (or a further increase) 
in said person’s inventory of Chlorine or products containing available 
Chlorine beyond a thirty day supply thereof except as may be neces- 
sitated for reason of economic delivery. 

Reports. Each Producer and Distributor shall file with the Chem- 
icals and Allied Products Branch of the Materials Division of the War 
Production Board such reports and questionnaires as said Office shall 
from time to time specify. 

(k) Records. All persons affected by this Order shall keep and pre- 
erve for not less than two years accurate and complete records 
concerning inventories, production and sales. 

(1) Audit and Inspection. All records required to be kept by this Order 
shall, upon request, be submitted to audit and inspection by duly 
authorized representatives of the War Production Board. 

(m) Appeal. Any person affected by this Order who considers that 
compliance therewith would work an exceptional and unreasonable 
hardship upon him, may appeal to the Division of Industry Operations 
by addressing a letter to the Division of Industry Operations, War 
Production Board, Washington, D. C., setting forth the pertinent 
facts and the reasons such person considers that he is entitled to relief. 

The Director of Industry Operations may thereupon take such action 
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(n) Notification of Customers. Producers and Distributors shall, as soon 
as practicable, notify each of their regular customers of the require- 
ments of this Order, but failure to give such notice shall not excuse any 
person from the obligation of complying with the terms of this Order. 

0) Applicability of Priorities Regulation No. 1. This Order and all 
transactions affected thereby are subject to the provisions of Priorities 
Regulation No. 1 (Part 944), as amended from time to time, except 
to the extent that any provision hereof may be inconsistent therewith, 
in which case the provisions of this Order shall govern. 

(p) Communications to War Production Board. All reports required to 
be filed hereunder, and all communications concerning this Order, 
shall, unless otherwise directed, be addressed to: 


“War Production Board, 
Washington, D.C. Ref: M-19” 


(q) Violations. Any person who wilfully violates any provision of this 
Order, or who by any act or omission falsifies records to be kept or 
information to be furnished pursuant to this Order, may be prohibited 
from receiving further deliveries of any Material subject to allocation, 
and such further action may be taken as is deemed appropriate, in- 
cluding a recommendation for prosecution under Section 35 (A) of 
the Criminal Code (18 U.S.C. 80). 

(r) Effective Date. This Order shall take effect upon the date of is- 

suance thereof and shall continue in effect until revoked by the Di- 

rector of Industry Operations subject to such amendments or sup- 

plements thereto as may be issued from time to time by the Director 

_ of Industry Operations. 

—(P. D. Reg. 1, amended December 23, 1941, 6 F. R. 6680; W. P. B. 

Reg. 1, Jan. 26, 1942, 7 F. R. 561, E. O. 9024, Jan. 16, 1942, 7 F. R. 

es 329; E. O. 9040, Jan. 24, 1942, 7 F. R. 527; 527; see. 2 (a), Public 

No. 671, 76th Congress, Third Session, as amended by Public. 

No. 89, 77th Congress, First Session.) 

Issued this 25th day of February, 1942. 

J.S. KNOWLSON 

Director of Industry Operations 
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HE methods to be used in filing applications for project ratings have 

been described at various times in previous issues of the JourRNAL 
(p. 1, News of the Field, October 1941; blue insert sheet, November 1941; 
p. 467, March 1942). 

A more definite method of presenting the needs for material and the 
nature of a project is now set up. It requires the use of Form PD-200 
and PD—-200A (the reverse of PD-200). The content of these forms is 
4 shown herewith. 


Applications for Project Ratings 


a A project rating application must be made if a water department or 
. company needs to add to its property a group of major facilities either for 
producing, pumping or distributing water. 

Form PD-1A (see March Journal) should be used if the requirements 
are limited to a single assembled item such as a small pump and accessories 
or a line of pipe, valves and hydrants, ete. 

If a project rating application is being filed for a water works extension, 
it is advisable to add to the completed forms, PD-—200 and PD-—200A, 
duplicate, bound statements prepared in accordance with the following 
outline: 


The following information is required in the application for the granting 
of a project preference rating order covering project in the electric, gas, 
water, sanitation, central heating and telephone and telegraph communica- 
tions, involving a number of separate contracts or suppliers. 

1. Name of the operating company or agency. A “i a 

2. The location of the project. 

3. A clear, short statement of the scope of the project and its relation 


to any existing or proposed construction. A map showing the relation 
of the project to existing facilities is essential. 
4. A comprehensive statement of the functional purpose of the project. 
5. A statement with supporting data as to the relation of the project 
to national defense. A tabulation should be submitted showing volume, 
type and summary of major defense loads. 
(Teri continued on page 656) 
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PD-200 ray Sample of Quintuplicate Form 
OFFICE OF PRODUCTION MANAGEMENT 
7 DIVISION OF PRIORITIES 
APPLICATION FOR PROJECT RATING 7 
To: DirecToR OF Priorities, OFFICE OF PRODUCTION MANAGEMENT, 
— Washington, D.C. | 
Instructions for Preparation of Application for Project Rating 
Fill out in quintuplicate and execute the Certification on the original copy. Re- 
tain the quintuplicate copy and send all other copies to the Division of Priorities 
ie (PD-200), Office of Production Management, Washington, D.C. Where space on 
lave the form is not sufficient to furnish the information required or additional relevant 
NAL information, attach supplemental typewritten statement in quadruplicate. Appli- 
4] - cant must be owner or lessee of site of proposed project. 
the DO NOT FILL IN 
200 PRIMARY INDUSTRIAL 
s is BRANCH 
or IN- IN- 
for = TO BE ANSWERED BELOW BY APPLICANT yp on TO BE ANSWERED BELOW BY APPLICANT 
NO NO. 
nts 1 Name of applicant. 13. | How is project being financed? 
P 2 Address of applicant. 14 If project will increase manufac- 
res 3 Location of project. turing facilities, state— 
4 Have you applied for a Govern- (a) What per cent of your total 
ment Certificate of Necessity? current business consists of 
on, If so, identify complete refer- orders rated A-10 or bet- 
ence. ter? 
G: 5 Describe project in sufficient detail (b) What per cent of your current 
ing for complete identification, in- business, limited to the 
F cluding— product(s) to be produced 
SA (a) Number of buildings. by the project, consists of 
ing (b) Type of construction of each orders rated A-10 or better? 
es building. (c) Pattern of rated orders re- 
as, 6 Describe product or service to be ferred to in paragraph 14 
produced by the project for (b), for example: 7 per cent 
which application is made. —A-l-a; 10 per cent—A-2; 
7 State capacity of proposed project 30 per cent—A-5; etc. 
in terms of or service to. 15 | Explain in detail what considera- 
be produced. tion has been given to— 
8 Explain in detail relationship of (a) Temporarily using other 
on such product or service to na-. available facilities (as va- 
tional defense, public health or, . cant building). 
on safety, or Government-spon-| (b) Reconditioning existing fa- 
sored programs. | cilities. 
ot 9 Is proposed project— | (c) Increasing productiveness of 
am (a) A new facility? present facilities (as by 
ct (b) Addition to existing facility? working additional shifts 
(c) Remodeling of existing fa- or otherwise gaining objec- 
e; cility? tives of proposed project). 
10 Is proposed project under con- 16 Identify and attach pak nits (if 
struction? If so, state— any) of Federal, State, or local 
(a) Date started. government endorsement of this 
(b) Per cent of completion. application. 
655 
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Sample of Quintuplicate Form—Continued 


11 State estimated completion date! 17 | Have you made other or previous 
of project. application related to proposed 
12 State estimated cost of Project, project or any part thereof? 
exclusive of site. If so, explain. 
IN- 
STRUC- 


TION IDENTIFY EACH STATEMENT WITH CORRESPONDING INSTRUCTION NUMBER (SHOWN ABOVE) 


NO. 


The undersigned hereby certifies that he is authorized to execute this application 
on behalf of the applicant; that there is no omission of any material fact; that the 
facts herein set forth, or ‘appended (ineluding Critical Materials List PD 200A), 
are true and correct to the best of his knowledge and belief. 


(Date) (Signature and title ‘of authorised official) 


Section 35 (A) of the United States Criminal Code, 18 U. 8. C., Section 80, makes it a criminal offense to 
make a false statement or representation to any Department or ane of the United States as to any matter 
within its jurisdiction. 


(Text continued from page 654) — - 


6. A statement of the urgency of need for the proposed construction, 
including estimates of existing and scheduled dependable capacities (and 
of reserve and net assured capacities in the case of electric utilities) and 
requirements for the next three vears. In case of water and sewage treat- 
ment plants, the immediate need therefor shall be fully supported, prefer- 
ably by summaries of analytical results and by a statement by the State 
Department of Health. 

If inter-connections with neighboring utility systems exist, or are 
possible, state the extent and capacity to which they are or could be 
utilized, and the extent to which they could make available to others any 
capacity of applicant’s system. If inter-connections exist and are not 
used, state why. 

The latest practicable date of introduction of the project into com- 
mercial operation. 

9. A statement of aggregate dollars cost of the project, and, where 
applicable, the remaining cost where the project is under construction, 
both exclusive of labor. 

10. A schedule of the various larger elements entering into the project. 
For each element list the expected sources of procurement, the latest 
practicable delivery date, the estimated dollars cost, exclusive of installa- 
tion labor. The aggregate dollars involved in these items should approxi- 
mate 80 per cent of the total dollars involved in the project. 

11. A careful estimate of the total and, where possible, the weight, of 
the critical materials involved in the entire project, such as copper, steel, 
cast iron and aluminum. 


(Text continued on page 660) 
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PD-200A 
Sample of Reverse of Quintuplicate Form a 


CRITICAL MATERIALS 


STRUCTURAL MATERIALS FOR ALL 
PURPOSES (incl. power plants) 


Iron and Steel 


1. Structural steel.' 
2. Re inforeing steel.! 

3. Steel mesh.t 
4, 


Plates.! 
6. Bars. 
Sheets: 


7. Sheet iron, black, uncoated.? 

§. Sheet iron, flat, galvanized.* 

9. Corrugated sheet iron, black, un- 
coated.? 

10. Corrugated sheet iron, galvanized.? 

ll. Corrugated sheet iron, asphalt, 
protected.? 

12. Forgings.' 

13. Castings.! 

14. Steel sash, window and frame.* 

15. Steel bucks, door, ete., frames.® 

16. All other iron and steel. 


20. Nails.* 

21. Sheet piling.! 

22. Metal lath.® 

23. Steel deck roofing.® 

24. Tubing.’ 

25. Fence.® 
Special steels: 

26. Stainless.‘ 

27. Chromium.‘ 


29. Conduit.4 
Other Metals (Nonferrous) 


30. Pipe, copper. 
31. Pipe, brass.‘ 


32. Pipe, other (nonferrous).* 
Sheet metal: 

33. Roofing, flashing.‘ 

34. Down spouting and gutters.‘ 

35. Miscellaneous.‘ 

36. Weather 

37. Screening.‘ 
Aluminum: 

38. Castings.‘ 

39. Rolled.* 

40. xtrusion. fay 


41. Powder. 

42. Sereens.* 

Lead: 

44. Sheet.4 

45. Pipe.‘ 

46. Pig.‘ agra 
Tin: 

47. 


48. Sheet.‘ 
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UTILITIES (including pumping, filtra- 


60. Fittings as additional.‘ 
. Steam lines (material 


. Miscellaneous.* 


. Sewage pipe, 
. Sewage pipe, steel (Ibs. per ft. bs 
). Fittings, i 
. Gas lines (material 


. Fittings as additional. 
. Water pipe lines (material............ 


2. Fittings as : additional.‘ 
3. Fuel lines (material. 


. Fittings as additional.‘ 
5. Electric lines (cuprous) (Ibs. 


. Fittings or 


. Electric lines, other.” 
§. Fittings or 


. Conduit (material ...... ) 


id 


3. Water 
74. Gasoline storage (number of tanks, 


5. Other storage 
;. Railroad track (weight of rail per 


7. Electric lighting fixtures.® 


3. Plumbing fixtures—w.c. 


fixtures—lavs. 


Other.‘ 


tion system, etc.) 


iron (lbs. per ft. ).7 


as additional.’ 


(ibm. Per 


(Ibs. per ft. ).? 


(Ibs. per ft. 


(Ibs. per ft. ).7 


per 
ft. 

appurtenances, addi- 
tional.‘ 

appurtenances, addi- 
tional 


(Ibs. per ft. ).? 
fittings, ete., additional.‘ 
Corrugated i iron pipe, coated.‘ 

Corrugated iron pipe, uncoated.+ 


MISCELLANEOUS FEATURES 
AND APPURTENANCES | 


of 
dimensions 


(number 


storage 
and 


gage of metal, 
and type).‘ 

gage of metal, and dimensions 
and type).* 
(number of tanks, 
gage, dimensions).‘ 


ft. of rail). (Total rail length.)& 


Hardware: 
Hardware—butts.!” 
Hardware—locks.!° 
Miscellaneous.‘ 


(metals 


only).® 
(metals 


only).® 
_ Plumbing fixtures—bath tubs (met- 
als only).® 
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fixtures—misc. 
(metals only).® 
Other. 
91. 
CEMENT AND CONCRETE 
92. Cement or alternate"! 
93. Concrete.” 
Concrete masonry: 
94. Lightweight—exposed.'% 
95. Lightweight—backing." 
06. Heavyweight—exposed. 
97. Heavyweight—backing."® ‘ 
98. Concrete pipe.*® 
99. Average concrete per lin.ft." 
100. Average steel rods per lin.ft.‘ 
101. Average steel mesh per lin.ft.* 


2. Precast concrete roof slab (feather- 
weight) .? 


CLAY PRODUCTS 


103. Brick, refractory 

104. Brick, other than refractory." 

105. Clay, refractory.! 

106. Tile (partition and back-up).'* 

107. Glazed and facing tile." 

108. Clay pipe, glazed sewer pipe.'* 

109. Drain tile, unglazed."® 
GYPSUM PRODUCTS 

110. Sheathing board.* 

111. Wall board.® @ 

114. Partition tile.® 

115. Roof, precast.§ 

116. Roof, poured.® 


LUMBER 
117. Construction lumber 2 inches thick 
and under (including common 
boards and dimension).!5 
118. Construction lumber 3 inches thick 
or over.}5 
119. Finish lumber (including siding, 
interior finish, ceiling, paneling, 
ete.).15 
120. Finish flooring.'® 
121. Window sash and window frames.'!® 
122. Doors and door frames.!® 
123. Plywood, Douglas fir.® 
124. Plywood, hardwood. 
125. Fibre board insulation (ineluding | 
Celotex, Insulite, ete.).° 
126. Wall board, laminated.® 
127. Wall board, hard (including Mason- 
ite, etc.).5 
128. Tank and pipe stock. sie 
129. Piling, untreated.’ 
130. Piling, treated.* 


Sample of Reverse of Quintuplionte Form— ontinued 


131. (such as poles, 
132. Railroad ties—untreated.!* 
133. Railroad ties—treated.'é 


INSULATING, ETC., MATERIALS 
Cork and cork products: 


134. Insulating board (thickness 
in).!5 
135. Other." 
Asbestos products: 

Asbestos cement shingles: 4 
136. Roofing.? 
137 Siding.? 
138. Corrugated asbestos cement 


sheets.® 


139. Flat asbestos sheets.§ 
140. Ebonized asbestos.® 
Asbestos cement pipe: 
141. Under 8-inch.§ 
142. 8-inch to 12-inch. 
143. Over 12-inch.* 
Magnesia and high temperature 
insulations: 
Magnesia (85% Meg.) (200° to 
600°F.): 
144. Pipe covering.’7 
145. Blocks.!7 
High temperature (85% Mg.) 
(600° to 1900°F.) : 
146 Pipe covering.’? 
147. Blocks.!? 


MISCELLANEOUS EQUIPMENT 


Heaters and boilers (low pressure): 
148. Heating coils and convectors.* 


149. Radiators, iron.* 

150. Traps (material ) 
(Ibs. per 4 

151. Pumps miscellaneous’ ma- 
chinery. 

152 

153. 

154. 

155 

156. Unit refrigerators (air-conditioning 
systems not to be reported here, 
but under ‘‘Metals-Utilities’’).* 

157. Ranges and stoves (cafeteria and 
other kitchen, 


ete., equipment 

under ‘‘Metals-Iron and Steel,” 
and other).’ 

On items listed below valued at more 

than $10,000, give summary break-down 

and individual costs on a separate sheet. 


POWER, GENERATING AND 
DISTRIBUTING EQUIPMENT 


Steam: 
158. Boilers. 
159. Combustion equipment. 
160. Pumps. 
161. Compressors. 
162. 


Turbines. 


Sat 
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163. Steam generating equipment (N. 
E.C.). 


164. Steam distribution equipment (N. 


E.C.). 


Electric: 

165. Motors. 

166. Generators. 

167. Transformers. 

168. Convertors. 

169. Other electrical generation equip- 
ment (N.E.C.). 

170. Electrical transmission equipment 
(N.E.C.). 


INDUSTRIAL EQUIPMENT 


171. Machine tools.* 

172. Material-handling equipment. 

173. Manufacturing and processing ma- 
chinery and parts (N.E.C.). 

174. Laboratory equipment. 


OFFICE EQUIPMENT 


175. Business machines. 
176. Other office equipment. 


CHEMICALS (Specify) 


= 


Use the following units of measure for entry in column 2 below: 


3 Units. 
4 Lbs. 


5 Sq.ft. 7 Ft. 
Squares. Lin.ft. 


Tons. 
2100 Sq.ft. 


® Pes. (or units). 
19 Sets or units. 


1 Bbls. 
12 Cu.yds 


uM. 
4 Cu.ft. 


15 Bd. ft. 
16 Pes. 


17 Sections 


* Fill in columns 3, 4, and 5 for informational purposes only. Preference ratings on machine tools must be 


applied for separately on Form PD-1. 


Indicate only those materials for which substitutions of noncritical materials can 


not be made. In event construction has 
needed for the completion of the Project. 
or in transit.) 


been started, list only those materials 
(Do not list materials delivered to site 


LIST OF MATERIALS NEEDED FOR PROJECT 


NUM- Applicant 
' ITEM MEASURE BER OF VALUE DESCRIPTION OF USE Leave 
+ UNITS Blank 
(1) | (2) (3) (4) (5) (6) 
TOTAL OF ALL CRIT- 


(Space Below Not to Be Filled Out by Applicant) 


SUBSTITUTIONS: 


“8 
é 
4 
ToTaL OF SUBSTITUTIONS ..... 
oF CRITICAL MATERIALS 
s SuspstTItTu TIONS ..... $ 


The items in the ‘listed 
in column 3, as they may be modi- 
fied in column 6 and by the substi- 
tutions provided hereon, are hereby 
approved. 


APPROVED By: 
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(Text continued from page 656) 


_ The application should be a sworn statement by an executive officer 
of the applicant. All applications shall be submitted in the name of the 
operating company. 

Applicant in cases of specific necessity, may ask at a later date for 
preference ratings on individual elements of the project higher than that 
assigned to the project, submitting such requests on form PD-1. 

A project application is expected to cover all elements necessary to the 
effective use of the construction. For example, an application covering a 
transmission line should include switching equipment and transformers, 
and all appurtenances and accessories necessary to its use. 

The application should be carefully prepared following the foregoing 
outline, and should include all pertinent information so as to present a 
complete and understandable picture of the project. 

The application should be prepared on 83 X 11-inch paper and bound 
in a suitable folder. The applicant should mail two copies of the applica- 
tion, addressed to—J. A. Krua, Chief, Power Branch, Office of Production 
Management, Social Security Building, Washington, D.C. 
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TITLE 32—NATIONAL DEFENSE 
Chapter [X—Office of Production Management 


Subchapter B—Priorities Division sabe 
Part 978—U tilities— Maintenance, Repair and Supplies 


PREFERENCE RATING ORDER P-16 AMENDED TO 
MARCH 21, 1942 ig 


The War Production Board issued on March 26 a complete revision of 
Preference Rating Order P-46 which was issued last September to assist 
utilities in obtaining the minimum amount of materials necessary for 
maintenance, repair and operation. That order assigned a blanket prefer- 
ence rating of A-10 of such materials. 

The order of March 26 supersedes the original order and all amendments 
thereto and makes several important changes, the principal of which are: 

1. The blanket rating of A-10 in the original order is replaced by two 
higher ratings. An A-2 rating is granted to deliveries of material for 
maintenance, repair and operating supplies for power plants [production], 
and pumping plants. An A-5 rating is granted for all other facilities, such 
as lines, pipes and substations. One of the reasons for the distinction is 
that if a power plant or a pumping station breaks down, the whole system 
is put out of business. If a power line or a water pipe breaks, only a part 
of the system is affected. In either case, the rating is high enough to make 
possible prompt repair. 

2. The order also assigns a rating of A-5 to deliveries of materials to 
bring electricity, gas, or water to war plants or other projects bearing a 
rating of A-5 or better. This does not apply to housing projects. An A-5 
rating is also granted to deliveries of materials needed to protect power or 
water plants against sabotage, such as fencing, tear gas bombs for guards 
around such plants, ete. These ratings may not be applied without prior 
authorization from the Director of Industry Operations of the War Pro- 
duction Board. 

3. Line extensions to serve a new consumer are restricted to 250 feet. 
The original order permitted a 1,000-foot extension. Extensions begun 
prior to March 26, the date of issuance of this order, may be completed. 

Despite this restriction, the Power Branch of the WPB announced that 
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= that were wired prior to March 26 or for which the foundations were 
completed by that date, may be served with electricity provided they are 
not more than 2,000 feet from an existing line and provided the utility 
specifies that galvanized steel wire will be used instead of copper. 
This policy, which has been concurred in by the Steel Branch, will also 
permit extension of service to a number of homes which were already wired 
when the 1,000 foot extension limit was imposed last December 5. 
> The Power Branch made it clear, however, that extensions under this 
policy are not automatically approved, but that authorization must be 
obtained for each extension over 250 feet. 

This policy will relieve special hardship cases where houses were wired 
in expectation of electric service which was subsequently denied because 
of material shortages. At the same time it will not result in the use of 
significant quantities of copper for line extensions. The Power Branch 
stated that the use of steel wire for electric extensions, in general, is con- 
cerned as an expedient only, and that customers served in this manner may 
not receive the most satisfactory class of service. It is felt, however, that 
this method of service in the special cases described is iuatilind since this 
is the only means of providing electricity for these customers without the 


use of supplies of copper wire. 
Two other changes in the order give utilities greater flexibility in ob- 

taining delivery of materials. 
y 1. Under the previous order restrictions were placed on the acceptance 
of deliveries of material in any quarterly calendar period. Often, through 
no fault of the utility, such materials were not delivered on the dates for 
which they were ordered. This provision has been changed to place the 
restriction not on the period in which materials are delivered but on the 
period in which they are scheduled for delivery. 

2. Previously a utility could not obtain certain items which it needed 
if the dollar value of the items on hand within the same class exceeded a 
practical working inventory. This has been changed to permit a limited 
amount of deliveries of needed items. 


PREFERENCE RATING ORDER P-46 AMENDED TO 
MARCH 21, 1942 


Preference Rating Order P-46, as heretofore amended, is hereby amended 
to read as follows: 


978.1—Preference Rating Order P-46 
(a) Definitions for the Purpose of this Order ipa 
~ (1) “Producer” means any individual, partnership, association, corpora- 


tion or agency, or any organized group of persons, whether incor- 


d 
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porated or not engaged in, or constructing facilities for the purpose of 
engaging in, one or more of the following services, and includes any 
such Producer whether or not such Producer has applied the prefer- 
ence rating herein assigned: 
(i) Supplying electric power directly or indirectly for general use 
by the public. 
(ii) Supplying gas, natural or manufactured, directly or indirectly 
for general use by the public. 
(iii) Supplying water directly or indirectly for general use by the 
public. 
(iv) Supplying public sanitation services, but not including manu- 
facturers of public sanitation products. 
(v) Supplying central steam heating directly or indirectly for 
general use by the public. 
“Material’’ means any commodity, equipment, accessory, part, 
assembly, or product of any kind. 
(3) “Maintenance” means the upkeep of a Producer’s property and 
equipment in sound working condition. 


(4) “Repair” means the restoration of a Producer’s property and equip- 
ment to sound working condition after wear and tear, damage, de- 
struction of parts, or the like have made such prope rty or equipme nt 


unfit or unsafe for service. atl 
5) “Operating Supplies” means: 


j (i), Material which is essential to the operation of any of the in- 


dustries or services specified above and which is generally carried 
Producer’s stores and charged to operating expense accounts. 

(ii) Material for additions to or expansion of property or equip- 
ment provided that such additions to or expansion of property 
or equipment shall not include any work order job or project in 
which the cost of Material shall exceed $1500 in the case of under- 


rm ground construction and $500 in the case of other jobs and pro- 
ais vided further that no single job shall be subdivided into parts in 
‘pete order to come below these limits. 


(6) The terms “Operating Supplies,’ ‘Maintenance,’ and “Repair” 
include only Material which is essential to minimum service standards 
-and do not include Material for the improvement of a Producer’s 
property or equipment through the replacement of Material which is 
still usable in the existing installation with Material of a better kind, 
quality, or design. 
(7) “Supplier” means any persons with whom a purchase order or con- 
tract has been placed for delivery of Material to a Produce Tor another 
Supplier. 
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4 (8) “Calendar Quarterly Period’? means the quarterly periods com. 
-- mencing on the first day of the first, fourth, seventh, and tenth 
- ~ months of the calendar year and ending, respectively, on the last day 
sof the third, sixth, ninth, and twelfth months of the calendar Vear, 
or the Producer’s customary accounting periods closest to such 
periods. 
— (b) Assignment of Preference Rating. Subject to the terms of this 
Order the following Preference Ratings are hereby assigned: 
(1) Producers 
7 (i) A-2 to deliveries, to a Producer, of Material which is required 
a by him for the Maintenance and Repair of production and 
rer. pumping plant facilities, and to deliveries of Operating Supplies 
we) ¢ for such facilities. 
2 (ii) A-5 to deliveries, to a Producer, of Material required by him 
on" for the Maintenance and Repair of all other facilities, and to 


“Ve 


i. deliveries of Operating Supplies for such facilities. 

(iii) Subject to the provisions of paragraph (e) (2) A-5, to deliver- 
TE ies, to a Producer, of Material required by him for the construe- 
apes tion of transmission, switching and distribution facilities neces- 


ss sary to serve new projects (other than housing projects) bearing a 
+ equ rating of A-5 or better. 

(iv) Subject to the provisions of paragraph (e) (2), A-5 to deliveries, 
to a Producer, of Material required by him for protection against 
sabotage, provided such protect tion is directed by an authorized 


federal or state agency. Pig 
(2) a wes 


A-2 to deliveries, to any Supplier, of Material required by the 
PAS er for any of the purposes specified in paragraph (b) (1 
(i) or to be physically incorporated in such Material so required 
by the Producer. 

(ii) A-5 to deliveries, to any Supplier, of Material required by the 
Producer for any of the purposes specified in paragraph (b) (1) 
(ii) or to be physically incorporated in such Material so required 
by the Producer. 

(iii) A-5 to deliveries, to any Supplier, of Material required by the 
Producer for any of the purposes and within the limits specified 
in paragraphs (b) (1) (iii) and (b) (1) (iv) or to be physically 

. incorporated in such Material so required by the Producer. 

(c) Persons Entitled to Apply Preference Ratings. The preference 


ratings hereby assigned may, in the manner and to the extent hereby 
‘ 


. authorized, be applied by: 
(1) a Producer; 
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(2) any Supplier, provided deliveries to a Producer or another Supplier 
are to be made by him, and are of the kind specified in paragraph 
(b) and have been rated pursuant to this Order. 

(d) Restrictions on Use of Rating. 

(1) Restrictions on Producer and Supplier. The preference ratings 
hereby assigned shall not be applied by a Producer or Supplier: 

(i) unless the Material to be delivered cannot be secured when 
required without such rating; 

(ii) to obtain deliveries of scarce Material, the use of which could 
be eliminated without serious loss of efficiency by substitution 
of less scarce Material or by change of design. 

(2) Restrictions on Supplier. 

(i) No Supplier may apply the rating to obtain Material in greater 
quantities or on earlier dates than required to enable him to 
make on schedule a delivery rated hereunder or, within the 
limitations of (ii) and (iii) below, to replace in his inventory 
Material so delivered. He shall not be deemed to require such 
Material if he can make his rated delivery and still retain a 
practicable working minimum inventory thereof; and if, in 
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thes making such delivery, he reduces his inventory below such 


minimum, he may apply the rating only to the extent necessary 
to restore his inventory to such minimum. 

(ii) A Supplier who supplies Material which he has in whole or in 

part manufactured, processed, assembled or otherwise physically 

changed may not apply the rating to restore his inventory to 


a practicable working minimum unless he applies the rating be- 


fore completing the rated delivery which reduces his inventory 


below such minimum. 
(iii) A Supplier who supplies Material which he has not in whole or 
in part manufactured, processed, assembled, or otherwise physi- 
cally changed may, in restoring his inventory to a practicable 
working minimum, defer applications of the rating hereunder to 
purchase orders or contracts for such Material to be placed by 
him until he can place a purchase order or contract for the mini- 
mum quantity procurable on his customary terms; provided, that 
he shall not defer the application of any rating for more than 
three months after he becomes entitled to apply it. 

(e) Application of Preference Rating. 

(1) The Producer and each supplier, in order to apply the preference 
ratings to deliveries to them, must endorse the following statement, 
which must be applied on original and all copies of each purchase 


(av 
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onder or contract for Material, the delivery of which i is eatitled to the 
preference rating hereby assigned; 
, “Rating A- Material to be delivered pur- 
: suant to paragraph (b) — of Order P-46, Utilities 
ae Maintenance, Repair, and Suppliers, with the terms of 
ye. which I am familiar. 


(Name of Producer or Supplier) 


Such endorsement shall be manually signed by a responsible 
official duly designated for such purpose by such Producer or Sup- 
plier or in facsimile form in accordance with Priorities Regulation 
No. 7, (7 F.R. 1062), and shall constitute a representation to the 
War Production Board that such Material is required pursuant to 
the paragraph specified in the endorsement, and that the appli- 
cation of the rating is authorized by this Order. 

(2) In addition to the requirements of paragraph (e) (1), a Producer in 
order to apply the preference rating assigned by paragraphs (b) (1) 
(iii), and (b) (1) (iv), must communicate with the Power Branch, 
War Production Board, Washington, D.C., Ref.: P-46 supplying in 
detail the following information: 

- me (i) Description of the project to be built by the Producer. 
(it) Relation to military needs, war production, public health or 
safe ty. 


mate copy of order of fede ral or state agency. 

(iv) Whether service can be rendered in any other way, or by any 
other Producer, with use of smaller quantities of critical materials. 

(v) Cost of materials. 

(vi) Total cost of Producer’s project. 

(vii) List of materials required for the construction. The Director 
of Industry Operations will notify the Producer whether and to 
what extent the application is approved. A copy of such notifi- 
cation shall be furnished by the Producer to any Supplier to 
evidence the proper rating granted pursuant to the provisions 
of this Order. 

A Supplier who has received from two or more Producers or Sup- 

pliers endorsed purchase orders or contracts for Material to the 

delivery of which the same rating has been applied in accordance with 
this Order, may include in a single purchase order or contract, and 

(within the limitations of sista (d) hereof) may apply the rating 
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to any or all of the Material which he in turn requires to make such 
rated deliveries or to replace in his inventory Material so delivered. 


(4) In addition to the records required to be kept under Priorities 


Regulation No. 1, the Producer, and each Supplier placing or re- 
ceiving any purchase or contract rated hereunder, shall retain, for 
a period of two years, for inspection by representatives of the War 
Production Board, endorsed copies of all such purchase orders or 
contracts, whether accepted or rejected segregated from all other 
~_— ise orders or contracts or filed in such manner that oy can 


be readily segregated for such inspection. Vs 
(f) ms on Deliveries, Withdrawals, and Inventory. 


(1) No Producer shall, in placing orders, schedule for delivery to bie in 


any calendar quarterly period any items of Material (whether or not 
rated pursuant to this Order) to be used as Operating Supplies or for 
Maintenance or Repair or any other purpose, the aggregate dollar 
volume of which shall exceed 25° of the aggregate dollar volume of 
the withdrawals of items of Material of the same class from stores or 
inventory during the calendar year 1940. 


(2) No Producer shall at any time accept deliveries (whether or not 


rated pursuant to this Order) of any item of Material to be used as 
Operating Supplies or for Maintenance or Repair or any other pur- 
pose until the Producer’s inventory and stores of items of Material 
of the same class have been reduced to a practical working minimum. 
Such minimum shall in no case exceed the aggregate dollar volume of 
items of Material of the same class inventory and stores on the most 
recent date during the calendar year 1940 on which the Producer’s 
inventory was taken. 


(3) No Producer shall 


during any Calendar Quarterly Period, make withdrawals from 
stores or inventory of any items of Material to be used as Operat- 
ing Supplies or for Maintenance or Repair or for any other pur- 
pose, the aggregate dollar volume of which shall exceed the ag- 
gregate dollar volume of the withdrawals of such items of Material 
of the same class during the corresponding quarter of 1940, or at 
Producer’s option, 25% of the aggregate dollar volume of the 
withdrawals of such items of Material of the same class during the 
calendar vear 1940. 

(ii) make withdrawals from stores or inventory of Material to be 
used for additions to or expansion of property or equipment, 
and no Producer shall, in the case of contract construction, 
accept delivery of Material for such purposes, unless 

(a) the Producer’s job or project is under construction and 
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. © ad BIN 40% of the total dollar value of the construction thereof wag 
brow fee installed on December 5, 1941; or 
«hod  (b) the cost of Material for the work order, job, or project js 
=) ® ool less than $1500 in case of underground construction and $500 
7 sin the case of other jobs; provided, however, that no single work 
order, job, or project shall be subdivided into parts in order to 
-——— ¢ome below these limits, that in no event shall lines for the 
ors ~ eonnection of new consumers be extended more than 250 feet 
oe from existing facilities, and that no addition to such extension 
shall be made within 90 days of the completion thereof. 
(4) Notwithstanding the provisions contained in paragraphs (f) (1) 
. (2) and (3), a Producer may: 
; (i) in any Calendar Quarterly Period increase the aggregate dollar 
volume of scheduled deliveries of Material for the Maintenance 
“a and Repair of, and for Operating Supplies, for, generation, pro- 
duetion, and pumping facilities, and withdrawals of Material 
ie * for such use over the limits prescribed in paragraphs (f) (1) and 
(f) (3) respectively proportionately to the increase in’ system 
output in the preceding Calendar Quarterly Period over the 
ss system output in the calendar quarter of 1940 corresponding to 
-—-- sueh preceding Calendar Quarterly Period; and 
(ii) schedule for delivery in any Calendar Quarterly Period items of 
Material which will increase the aggregate dollar volume of 
inventory of Material for the Maintenance and Repair of, and 
for Operating Supplies for, generation, production and pumping 
facilities over the aggregate dollar volume of Material in in- 
ventory on the most recent date during the calendar vear 1940 
on which the Producer’s inventory was taken, proportionately to 
the increase in system output during the preceding Calendar 
Quarterly Period over the system output in the Calendar Quar- 
terly Period of 1940 corresponding to such preceding Calendar 
Quarterly Period; and 
(iii) schedule for delivery to him in any Calendar Quarterly Period 
consumers’ meters and house-regulators or make withdrawals from 


stores or inventories of such meters and house-regulators in an 
amount not in excess of 25°% of the number of such meters or 
house-regulators condemned and destroyed by the Producer in 
1940, (or, at the Producer’s option, not in excess of the number 
of such meters and house-regulators condemned and destroyed in 
the corresponding quarter of 1940) plus the number of meters 
and house-regulators necessary to serve the net increase in 
customers occurring in the current quarter. For the purposes of 
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. this subparagraph (iii), withdrawals of meters and house-regu- 


"I lators shall not include meters or house-regulators put in service 
act is to replace meters and house-regulators removed from service; and 
$500 (iv) in order to provide Material for unavoidable and emergency 
work situations in cases where the inventory of a class of Material 
er to exceeds a practical working minimum, accept in any Calendar 
the Quarterly Period deliveries of any short item of Material within such 
fei class, such deliveries, however, not to exceed 5% of the dollar 
sion volume of withdrawals of Material of the same class in the 

calendar vear 1940; and 

(1) (v) schedule Material for delivery in any Calendar Quarterly 

Period, or accept deliveries, or make withdrawals in such period of 
ollar Material necessary for the Maintenance or Repair of the Pro- 
anes ducer’s property or equipment which is damaged by acts of the 
pro- public enemy, sabotage, explosion, fire, flood or other climatic 
erial conditions, provided, that if the restrictions in paragraph (f) 
and (1) (2) or (3) as modified by the provisions of paragraph (f) 
tem (4) (i) (ii) (iii) and (iv) are exceeded because of the scheduling 
the or acceptance of such deliveries, or withdrawals, or full report 
g to therefor together with reasons therefor shall be made immediately 

to the Director of Industry Operations. 
s of (5) The Director of Industry Operations may, on the application of any 
of f Producer, authorize such Producer to exceed the restrictions on 
and deliveries, withdrawals, and inventories set forth in this paragraph 
ving _ (f). Nothing herein contained shall be construed to affect in any 
in- ; way any specific authorizations or approvals issued by the Director 
940 Aa of Industry Operations pursuant to Preference R: iting Order P-46 


> to prior to the effective date of this Amendment. 


dar (6) The provisions of this paragraph (f) shall not apply _ 

lar- (i) to Material obtained through the application of the rating 

dar assigned in paragraphs (b) (1) (iii) and (b) (1) (iv) or to Material 
withdrawn from stores or inventory for the purposes specified 

iod in said paragraphs. 

om (ii) to fuel, water purification chemicals, wooden poles or wooden 

an crossarms. 


(g) Audits and Reports. 


or 
in (1) Each Producer and each Supplier who applies the preference ratings 
ber hereby and each who a order or 

in 
submit from time to time an audit and inspection by duly authorized 


representatives of the War Production Board. 


of (2) Each Producer and each such Supplier shall execute and file with 
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the War Production Board such reports and questionnaires aS Said 
Office shall from time to time request. No such reports shall }y 
filed until such time as the proper forms are prescribed by the Wa 
Production Board. 
(3) Each Producer shall maintain a continuing inventory of Materia) 
included in stores accounts. 
(h) Communications to War Production Board. All reports required t 


be filed hereunder and all communications concerning this ( Jrder, shall, 
unless otherwise directed, be addressed to: 


“War Production Board 
Washington, D.C. Ref: P-46” 
(i) V ’iolations. Any Person who wilfully violates any prov ision of this 
Order or who by any act or omission falsifies records to be kept or 
information to be furnished pursuant to this Order may be prohibited 
from receiving further deliveries of any Material subject to allocation. 
and such further action may be taken as is deemed appropriate. 
ayulth including a recommendation for prosecution under Section 35 (A) of 
the Criminal Code (18 U.S. C. 80). 


at any time as to the Producer or any Supplier. In the event of 
revocation, deliveries already rated pursuant to this Order shall be 


specifically revoked with respect thereto. No additional applications 
of the rating to any other deliveries shall thereafter be made by the 
Producer or Supplier affected by such revocation. 
(k) Applicability of Priorities Regulation No. 1. This Order and all 
transactions affected thereby are subject to the provisions of Priorities 
Regulation No. 1, as amended from time to time, except to the extent 
that any provision hereof may be inconsistent therewith, in which 
case the provisions of this Order shall govern. 
Effective Date. This Order shall take effect immediately and shall 
continue in effect through June 30, 1942, unless sooner revoked. 
Issued this 26th day of March, 1942. 


(signed) 
J. S. 
- Director of Industry Operations 


- 


(j) Revocation or Amendment. This Order may be revoked or amended 


completed in accordance with said rating, unless the rating has been’ 
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